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ON THE MOVEMENTS OF THE UTERUS. 
By ARTHUR R. CUSHNY, MD. (Twelve Figures in the Text.) 


(From the Pharmacological Laboratory, Uiiiversity College, London.) 
THE history of physiological investigation in regard to the movements of 


the uterus is a comparatively short one and up to 1891 has been dealt 
with fully by Helme*, Few papers on the subject have appeared since 


until the last two years, during which Kardinowski* and Franz’ have 


published the results of numerous experiments; sale" has ‘recently 
taken it up in the course of his work on ergot. 

The results of many of the older experiments are impaired by the 
fact that the uterus was exposed to the air and no precautions were 
taken to maintain a constant temperature. Several observers (Helme, 
Kurdinowski, Franz) eliminated these sources of error by recording 
the movements of the excised uterus in a warm bath of saline or by 
perfusing the vessels with Locke's solution, These experiments are of © 
interest in showing that the uterine contractions are not dependent on 
impulses from the central nervous system; but the movements of the 


 exeised uterus can scarcely be regarded as typical and normal without 


further investigation of the organ in the intact animal. The only 


- experiments in which the movements of the uterus in situ were recorded 


and. in which due precautions were taken to maintain the normal tem- 
perature and to exclude the effects of air, are those of Rurdinowski* 
and Dale and a few of those of Franz. : 

My experiments were carried out on rabbits, cats ee two bitches. 
The rabbits were anesthetised with paraldehyde given by stomach tube 
(1—1'5 cc. per kg.), the cats and dogs by morphine hypodermically 

1 Reports of the Laboratory of the Royal College of Physicians, Edinburgh, ux. p. 70. 
1891. 

2 Arch, f. Anat. u. Phys. (Phys. Abtheil.) 1904 supplement, p, 328 ; drohie Gye 
pp. 282, 818. 1905. 
Zeschr. f. Geburtsh. u. Gynekol. p. 861. 1904. 

4 This Journal, xxxrv. p. 187. 1906. 

loc. cit. drch. f. Gynekol... 
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followed by paraldehyde per os. Cannule were placed in the trachea, 
carotid, and jugular vein and a median incision was made along the 
abdomen down to the peritoneum ; the animal was then placed ina bath — 
of physiological salt solution at 38°C. and the peritoneal cavity was 

opened. Care was taken not to expose either the intestine or uterus to the - 


air and the temperature was maintained between 37° and 39° throughout 


the experiment. The hypogastric nerve was tied and cut as it issued 


from the inferior mesenteric ganglia in almost all my experiments, In 


the virgin cat there sometimes appears to be some limitation of the 
movements of the uterus by a fibrous band running upwards towards the 
kidney from the ovary, and this was therefore divided and the ovary 
freed from its attachments as far as was possible without interfering 
with its blood supply. Two stitches were taken about an inch apart in 
the peritoneal coat of one horn of the uterus and the threads were tied 
to the levers of an apparatus resembling a myocardiograph. 

When the two points of attachment approached each other during 
contraction of the uterus the writing lever was pulled down. Other 
movements of the organ, such as occurred occasionally on respiration, 
were not recorded, as the levers swung freely. As a general rule the 
movements recorded were those of the longitudinal fibres, but in some 
pregnant animals the levers were attached across the horn so as to record 
the contractions of the circular coat; or both longitudinal and circular 
contractions were registered by a double system of levers. The move- 
ments recorded were those of one of the horns not of the body of the 
uterus. 


In virgin cats and rabbits the uterus often remains motionless fora 


long time after being attached to the levers, but after manipulation, and 
especially after exposure to the air, rhythmic contractions are developed. 
Tn some experiments movements were present from the beginning,. but 
it is possible that in these instances they were aroused by less careful 
handling or variations in the temperature ; the movements of the virgin 
uterus are certainly few and weak, when present at all, if the preparation 
is made with sufficient care, and it seems probable that in the intact 
animal they may be entirely absent. Franz states that there are no 
spontaneous movements in the excised virgin uterus, while Helme and 
Kurdinowski found them present though much less evident than 
during and after pregnancy. 

In animals in heat and during and after pregnancy, spontaneous move- 
ments were generally present from the first (Fig. 3), though they were less 
developed in the cat than j in the rabbit. It is difficult to state whether 
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MOVEMENTS OF UTERUS. 
the organ ever resumes its former inertness after pregnancy ; a number 


of my animals had somewhat enlarged uteri and the mammary glands were 


apparent, while they had not been pregnant within some weeks, yet all 
of these exhibited spontaneous uterine movements, and in their response 
to mechanical and hypogastric stimulation generally resembled pregnant 
animals rather than virgins. 

_ The spontaneous movements of the longitudinal fibres were slow, 


more or less rhythmical contractions resembling the pendulum move- 


ments of the intestine; the intervals between successive contractions 
were sometimes fairly equal, about 15—60 secs., but in other tracings 
varied from 30 secs, up to three or four minutes; in some instances the 
only movements were strong contractions occurring at intervals of ten or 
twelve minutes (Fig. 1). 


Fig. 1. Spontaneous movements of the uterus in a pregnant cat. During contraction 
the levers move downward. Time, 30 secs. 


The strength of the contractions was subject to similar variations, 
though in some cases this too remained fairly uniform for periods of 
| 1—~2 
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A. R. CUSHNY. 


some duration. Occasionally a strong contraction intervened among 
a series of weaker movements at regular intervals, eg. every three 
minutes. 

When active contractions occurred in the fibres attached to the 
levers, the rest of the uterus was seen to be in active movement, but 
the contractions in different parts bore no relationship to each other. 
Not infrequently even the part between the levers was seen to be in 
different stages of contraction, one part relaxing or remaining motionless 
while the other contracted. 

In some instances however the spontaneous movements seemed to 
be almost simultaneous throughout the organ, and in one experiment in 
the dog in which two simultaneous tracings were taken from neigh- 
bouring points, the general rhythm proved to be the same although the 
tracings differed in other points. 

In addition to the contraction of the longitudinal fibres proper, 
movements are caused by the contraction of the fibres of the broad 
ligament, which throw the uterus into a spiral or coiled form. These — 
are most evident in the subinvoluted uterus of the cat after pregnancy, 
though they also make their appearance in the earlier stages of 
pregnancy. I have not observed any movement from contraction of ~ | 
broad ligament in virgins. . 

The tracings obtained when the levers were attached across the horn 
so as to register the movements of the circular fibres were very similar 
to those of the longitudinal, the same slow pendulum movements being - 
presented; and when the longitudinal and circular movements were 
recorded simultaneously the tracings were similar in character, though 
the contractions were not simultaneous, In a number of experiments 
the uterus presented strong and long-continued contraction of the 
circular coat, while similar tonic longitudinal contraction was seldom 
observed. Sometimes these tonic contractions moved slowly along the 
horn, as a general rule towards the os, but sometimes in the opposite 
direction. These contractions sometimes remained unchanged for half 
an hour or more and appeared to completely close the lumen of the 
uterus. In late pregnancy in which the longitudinal contractions are 
very rapid and very powerful an actual movement downward of the 
feetus could often be observed, but this did not seem to be due to the 
circular fibres directly. The fibres above the sac were contracted in a 
ring, and the longitudinal fibres pulling on this ring, the fostus was 
forced downwards before it. As the longitudinal fibres relaxed the foetus 
moved upwards again, though the circular fibres above maintained their 
contraction apparently undiminished. 
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The circular fibres often contracted independently of the longitudinal 
ones and in some instances in which they apparently contracted together 
the shortening of the longitudinal was masked by the opposing action of 
the circular, so that the distance between the levers was actually increased 
and the tracing of the longitudinal fibres gave the impression that the 
uterus was relaxing. Thus in several instances the injection of pilo- 
carpine caused a slight relaxation of the longitudinal fibres apparently, 
but this proved on examination to be _ to a tonic contraction of ong 
circular fibres. 

These spontaneous contractions suited after atropine, nicotine and 
chrysotoxin. They could be arrested by stimulation of the inhibitory 
nervous fibres. 

In addition to these active contractions of the uterus, considerable 
variations in the tone occurred occasionally either in a positive or negative 
direction. These were especially evident during and after pregnancy and 
were sometimes sudden in their onset, while in other instances a slow 
change occurred lasting many minutes, The pendulum movements 
were superposed on these slower tonic movements. 


Fig. 2. Pregnant rabbit. Irregular spontaneous movements, The uterus was , pinched 
weakly before each of the strong contractions. 


Mechanical or electrical stimulation of the uterus causes a powerful 
contraction, whether the organ is in a state of rest or contracting 
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A. R. CUSHNY. 


spontaneously. This contraction (Fig. 2) occurs immediately on slight 
pinching between the levers, and quickly reaches the maximum, The 
contraction is maintained for 10—30 seconds, and the relaxation which 
is much slower is often interrupted by one or more minor contractions 
‘which do not reach the level of the primary one. In rare cases the 
- contraction lasted very much longer, several minutes elapsing before the 
lever began to a8cend towards the position of rest. The circular fibres 
contracted along with the longitudinal but remained contracted for 
a longer time. Contractions were elicited more easily in the pregnant 
than in the virgin uterus, and this increased irritability persisted after 
pregnancy apparently. This contraction is almost purely local; a pinch 
just above or below the points at which the levers are attached causes 
a weaker movement than one between them, and irritation more than 
an inch away from the. levers has little or no effect. There is therefore 
very imperfect conduction in the fibres and even this is easily exhausted, 
for when a pinch at some distance causes a movement of the part — 
between the levers, a second at the same point fails to do so unless 
some time has intervened. On the other hand repeated stimuli to the 
_ fibres between the levers provoke contractions with no signs of 
exhaustion, so that the failure to respond to successive stimuli applied 
at a distance is due to the stimuli not reaching the recording fibres and 
not to these proving refractory. When the movements of the circular 
fibres are recorded the same response is obtained by directly stimulating 
the fibres between the levers, while pinching the wall an inch above or 
below has generally no effect, and very often pinching the uterus at the 
level of, but outside the levers, causes no contraction. A stimulus thus 
not only fails to spread upwards or downwards, but even remains 
without effect on fibres at the same level and forming part of the same 
rmg. Sudden stretching of the longitudinal fibres caused no active 
contraction, the fibres simply returning to their original length, and 
inflation of the uterus with air or warm saline had often no greater effect, 
though it sometimes appeared to accelerate the spontaneous movements. 
I anticipated that the movement of the uterus would correspond to 
that described by Bayliss and Starling in the bowel, and that 
irritation at one point would cause inhibition of the fibres nearer the 
os. But no such reflex seems developed in the uterus, for no relaxation 
ever occurs from stimulation either above or below, the fibres between 
the levers either contracting immediately or failing to respond in any 
way. The contraction on mechanical or electrical stimulation thus 
appears to be purely muscular and not to involve any nervous —— 
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It is unchanged by the previous administration of atropine or nicotine, 
or of ergot in quantities sufficient to paralyse the motor fibres of the 
hypogastric. 

The spontaneous contractions of the uterus also do not seem to be 
_ preceded by inhibition of the fibres lying nearer the os, even in the 
- last stages of pregnancy, when a movement downward of the foetus can 
often he observed during the contraction. Each footus is limited above 
and below by a ring of contracted circular fibre, and it is possible that — 
during natural labour this ring is inhibited while the longitudinal and 
circular muscle enclosing the ovum is contracting. But even in the last 
week of pregnancy in cats and rabbits I have been unable to detect an 
actnal relaxation of these fibres accompanying the contractions of the 
expelling fibres. The actual driving force seemed to be exerted by the 
longitudinal fibres for the most part, which forced down the foetus in 
_ front of a ring of contracted circular fibres limiting the sac above. The © 
circular fibres surrounding the sac contracted with the longitudinal 
fibres, though their movement was generally not so distinct. The foetus 
could be seen to move forward with each contraction of the longitudinal 
fibres, returning as these relaxed. And after this to and fro movement 
had continued for some time the ring in front of the foetus was often 
found less distinet than before, but whether this indicates a very gradual 
inhibition of the muscle or is due to mechanical pressure alone, it is 
impossible to state at present. 


-HYPOGASTRIC STIMULATION. 


Stimulation of the hypogastric nerve generally induces powerful 
contraction of the whole organ in the rabbit whether virgin, pregnant, 
or multiparous’, In some instances the contraction was preceded by a 
short latent period. When the uterus was undergoing spontaneous 
contraction and the current was weak, these persisted superposed on the 
larger contraction (Fig. 3). But on stronger stimulation the spontaneous 
contractions were suppressed. The contraction is more powerful in 
_ pregnant than in virgin animals, and as in the case of the contractions 
induced by local pressure, this change is developed within a few days of 
conception and in fact appeared to be present in one animal during heat. 
The contraction from hypogastric stimulation varied in extent with the 
strength of the stimulus (cf. Fig. 6). It reached its maximum in 

4—15 secs. and was followed by a relaxation at first rapid and then 


2 Cf. Langley and Anderson, This Journal xix. p. 122. 1895, xxvu. p. 262, 1902. 
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slower, and often interrupted by renewed contraction. When the 
stimulation was continued longer (Fig. 4), the uterus remained in a 
state of extreme contraction (tetanus uteri) but soon oscillations began and 
then a slow relaxation followed, even when the stimulation was continued. 


Fig. 3. Fig. 4. 
Fig. 3. Rabbit * heat. ‘Spontaneous movements. "Stimulation of the hypogastric 
at points indicated. 


The contractions under hypogastric stimulation differed from the 
‘spontaneous pendulum movements in that the whole organ was involved 
simultaneously. But occasionally spontaneous contractions bearing the 
same character were observed (Fig. 1). The hypogastric appeared to 
exercise no tonic influence either in virgin or pregnant animals, for its 
division caused no change except a quick contraction and return to the | 
position of rest. Stimulation caused blanching of the uterus. 

While the prevailing feature of hypogastric action in the rabbit 
is thus contraction, the relaxation was sometimes followed by marked 
dilatation and inhibition of spontaneous movements, showing that 
inhibitory fibres also are contained in the hypogastric. The presence 
of these swas further demonstrated by the effects of ergochrysin, which 
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was kindly supplied me by Dr Dale; after small quantities, stimulation 


of the hypogastric in the rabbit was followed by a very short contraction, 
followed by very marked relaxation and inhibition of the spontaneous 
movements. In one rabbit (pregnant) a quite exceptional condition 
was met with, hypogastric stimulation inducing pure inhibition, but this 
occurred only once in a large series of experiments on pregnant rabbits. 

In the cat the effect of hypogastric stimulation was found to vary 
with the condition of the uterus. In the virgin it was purely inhibitory, 
the uterus relaxing. to a considerable extent; and if spontaneous 
movements were present from previous manipulation, these were 


_ arrested (Fig. 5), The inhibition often lasts for a long time after the 


‘Fig. 5. ‘Virgin ms a, stimulation of the hypogastric. An interval of 8 minutes 
intervened between a and b. 


stimulation has ceased; in fact in some of my experiments the uterus 
did not regain its former tone and rhythmical activity even when the 


abservation was continued for an hour or more. During this inhibition 


pinching caused its usual effects, and pilocarpine induced strong 
contraction. 
In cats during pregnancy and as a general rule after pregnancy 
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hypogastric stimulation induced strong and immediate contraction 
_ (Fig. 6) which was not followed by any obvious inhibition, the response 
of the non-virgin uterus of the cat corresponding exactly to that 


usually seen in the rabbit. In two experiments in which the uterus 


was enlarged and flaccid but empty, hypogastric stimulation induced 
a weak slow contraction and then marked relaxation. And after small 
quantities of ergot in pregnant cats the contraction from hypogastric 
stimulation became weaker and was followed by very definite inhibition. 
The inhibitory fibres thus prevail in the virgin cat, while during and 


Fig. 6. Pregnant cat. Stimulation of hypogastric, a at 18 om., b, c at 12 om. 


after pregnancy the motor fibres mask their presence’. In the two 
instances in which first contraction and then inhibition resulted, the 
uterus may have undergone more complete involution than in the rest 
of my experiments and thus have approached more nearly to the virgin 
condition. I have not observed a return after pregnancy to the pure 
inhibition seen in the virgin cat, but in all the multiparous cats 
I examined, the uterus was large and flaccid. Dale states that in some 
of his experiments on multiparous cats the reaction to hypogastric stimu- 
lation was pure inhibition as in the virgin. The change of reaction to 
hypogastric stimulation during pregnancy may be due to changes in the 


nerve fibres by which the motor fibres came to predominate over the 


1 This change in reaction was demonstrated to the Physiological Society at the meeting 
March 24, 1906. The same observation was made — oe has since 
been published by him. 
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sain more powerful inhibitory ones. But the fact that the response 
to local irritation is so much more readily elicited during and after 
_ pregnancy shows that the muscle is much more irritable, and suggests that 
the change in reaction may be due to the muscle reacting more readily to 
the motor impulses than in the virgin. In the heart a similar result is 
obtained from drugs which increase the irritability of the organ, the 
inhibitory fibres of the pneumogastric acting very much more weakly. 
The change in the response to hypogastric stimulation occurs very early 
in pregnancy, within the first week, and continues long after the birth. 
The hypogastric stimulation was followed by the usual changes after . 
atropine, which is devoid. of effect on both inhibitory and motor fibres. 
Nicotine in large doses weakened and finally prevented all response ; in 
the rabbit this occurred only after quantities which seriously endangered 
the heart. Both sets of fibres seem equally affected, for in the rabbit 
nicotine did not increase the power of the inhibitory fibres. Ergot 
paralysed the motor fibres in the rabbit, pure relaxation following 
hypogastric stimulation after its injection. And in a pregnant cat the 
injection of ergot had a similar effect, the hypogastric afterwards having 
purely inhibitory effects. 

In two experiments on dogs, stimulation of the hypogastric nerves 
- caused contraction followed by very well marked relaxation. 


ANEMIA. 


Helme states that shutting off the blood supply in the excised and 
perfused sheeps’ uterus causes contraction, and this has been the 
prevailing view, But Kurdinowski states that in the intact animal 
clamping the aorta is followed by the disappearance of the normal 
‘movements and no contraction as a general rule. Anzmia of the uterus 
was induced in a number of my experiments by applying a clamp to 
the aorta immediately below the renal arteries. This may not have 
excluded altogether the collateral circulation, but the uterus became 
blanched, In the rabbit a slow increase in tone (Fig. 7) resulted, and 
generally persisted as long as the ischemia was maintained, passing off 
slowly when the blood was readmitted. ‘The change varied in extent, 
sometimes being very slight, while in others the uterus passed into 
complete though temporary contraction. When spontaneous contrac- 
tions were present before, they were often but not invaribly lessened 
in extent during the closure of the aorta. 
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In the cat, clamping the aorta differed in its results, and I am 
unable to suggest any explanation of the variations; in two experi- 
ments clamping was followed by relaxation (Fig. 8) in three by 
contraction.: The result bore no relation to the reaction to hypogastric 
stimulation, one of the cases in which ischemia caused relaxation 
reacting by relaxation to hypogastric stimulation, while the other 
(pregnant) contracted. The reaction of the uterus to ischemia is 
therefore different from and independent of that to stimulation of the 
hypogastric nerve. The movement, whether towards contraction or 
relaxation, was small in extent and slow in onset. More marked than 


_ Fig. 7. Rabbit. A clamp was applied to the aorta for 34 minutes as indicated 
| by the signal. 
Fig. 8, Cat pregnant. The aorta was clamped for three minutes. 


the change in tone was the abolition of spontaneous movements which 
occurred in all cases, beginning almost immediately after the clamp was 
applied and continuing for some time, while the uterus underwent a 
slow change in tone. After about two minutes weak spontaneous 
_ movements set in, and on removal of the clamp increased in size while 
the organ resumed its former condition of tone. In a number of cases 
of heart-failure from various causes a very powerful contraction of the 
uterus occurred immediately, forming a contrast to the very slight 
change induced by clamping the aorta. 
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_ ACTION OF DRUGS. 


Nicotine. In the rabbit with divided hypogastric nerve the 
injection of nicotine hydrochloride caused powerful tonic contraction 
of the uterus with pallor and constriction of the vessels, The contraction 
passed off rather slowly and during the relaxation weaker contractions 
recurred. A second injection induced a weaker, shorter contraction, and 
this was more marked in subsequent applications, until the poison 
ceased to have any further effect. The hypogastric responded more 
weakly after nicotine, but complete paralysis was not induced except 
by quantities which weakened the heart very greatly. When a 
spontaneous rhythm was present before nicotine was injected, the tone 
was increased and the rhythm accelerated. Even large quantities failed 
to arrest the spontaneous movements and the response to mechanical 
irritation seemed unchanged by it. The action of nicotine was not 
influenced by the previéus injection of atropine, but was absent in one 


experiment in which ergochrysin had been previously applied. The 


contraction after nicotine of the rabbit's uterus with severed hypogastric 
nerves indicates that the ganglia on the motor nerve of the uterus are 


Fig. 9. Virgin cat. Injection of 1 mg, nicotine hydrochloride. 


mainly peripheral to the hypogastric ganglia proper, but the difficulty with 
which complete paralysis of the hypogastric fibres is elicited suggests 
that some of the nerve cells are contained in the hypogastric ganglia, 
that is centrally to the point of section and stimulation. This is the 
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same conclusion as was reached by Langley and Anderson! from a 
consideration of the paralysing effects of nicotine on general and local 
application to the ganglia. 

In the pregnant cat the reaction is similar to that in the rabbit, 
while in the virgin, nicotine in 1 mg. doses caused relaxation and 
inhibition of the spontaneous movements; further injections had a 
similar but smaller effect until after 3—5 mgs. no further action was 
observable. The effect of nicotine injection is thus identical with that 
of hypogastric stimulation, and it seems to act equally upon the uterine 
inhibitory and motor ganglia, for stimulation of the hypogastric after 
nicotine had either no effect or, if the dose had been small, a change in 
the same direction as before the injection. — 

Pilocarpine in 2—5 mg. doses increased the rate and strength of the 
spontaneous contractions in both cat and rabbit; or when these were — 
absent, caused a marked and prolonged contraction followed by a series 


Fig. 10. Virgin eat. 1, injection of 1 mg. pilocarpine ; 2, injection of 2 mgs. 
atropine. 

_ of smaller waves during relaxation. The uterus maintained an sailaned 

tone for a long time after pilocarpine, but this disappeared at once after 

atropine (Fig. 10). In some instances in which pilocarpine induced a 

series of secondary contractions superposed on the spontaneous move- 

se the former disappeared under atropine, while the latter persisted. 


This Journal, p. 181. 1895. 
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The action of pilocarpine was apparently unchanged by the previous 
injection of ergot in the rabbit, but stimulation of the hypogastric 
now removed the increased tone of pilocarpine. On the other hand 
pilocarpine caused contraction during inhibition of the cat’s uterus 
through hypogastric ‘stimulation, so that pilocarpine and inhibitory 
action are mutually antagonistic, though pilocarpine does not appear to 
act on the inhibitory mechanism. 

Atropine had no effect on the uterus or on the hypogastric nerve, 
unless pilocarpine had been injected previously, when atropine restored 
the organ to its normal condition and prevented any further contractions — 
from pilocarpine. The effects of the other drugs injected were not 
altered by the previous administration of atropine. Rihrig' and 
Langley and Anderson® previously noted that atropine is devoid of 
effect on the uterus and its motor nerve. 

These two drugs seem to affect some structure, which is different 
from that acted upon by the other drugs examined, and which does not 
appear to be involved in the spontaneous contractions and the response 
to nerve stimulation. This is shown especially clearly on comparing the 
effects on the cat’s uterus, for pilocarpine causes contraction both in the | 
virgin and in pregnancy, while the drugs acting on the nerve structures 
cause contraction in the one and relaxation in the other, and the effects 
of these drugs is not changed by the previous administration of atropine. 

Adrenaline. The effects of adrenaline have been so fully discussed 
by Dale, that I need mention them only shortly, especially as they 
were in all cases identical with those of hypogastric stimulation. In 
the rabbit adrenaline caused as a general rule pure contraction, some- 
times contraction followed by some relaxation and inhibition. In one 
rabbit a very small dose seemed to induce slight inhibition, while a 
larger injection was followed by simple contractions, and in-the one 
pregnant rabbit in which hypogastric stimulation induced inhibition 
the same effect followed adrenaline. Ergot in large doses arrested the 
effect of adrenaline, while after smaller quantities adrenaline caused first 
contraction and then marked inhibition. In the virgin cat adrenaline 
causes inhibition only, persisting long after the blood-pressure has 
returned to the normal. In pregnant cats adrenaline causes contraction 
pure and simple and this reaction generally persists after pregnancy in 
my experience; but in one cat which had apparently had young some 
time before the experiment, the contraction was followed by distinct: 


1 Virchow’s Archiv, uxxvt. p. 1. 1879. 
This Journal, p. 124, 1895. 
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relaxation ; hypogastric stimulation gave a similar effect in this case. 
Its action in both cat and rabbit persists after large doses of nicotine 
and atropine, but its contractor effects in the rabbit and non-virgin 
‘cat disappear after ergot, and pure inhibition is elicited. 

- Quinine. In malaria the administration of quinine has so often been 


followed by abortion that many authorities deprecate its use in pregnancy, 


and on the other hand quinine injection has been advocated in obstetrics 
to induce labour pains when these are deficient. There have been, as 
far as I know, no experiments on animals, and in fact few systematic 
observations in patients on this phase of activity of quinine. I have 
made a number of injections of the hydrochloride in the rabbit and cat 
and find that 5—10 mgs. generally causes marked contraction of the 
uterus (Fig. 11). The rabbit seemed more susceptible to the action than 


Fig. 11. Virgin cat. 1, injection of quinine hydrochloride 2 mgs,;. 2, injection 

of 3 mgs. : 
the cat. The contraction was a short one, compared with that induced 
by ergot, the uterus often resuming its former degree of relaxation after 
one or two minutes according to the amount of quinine injected. But 
its irritability seemed to be increased, for distinct pendulum movements 
were present afterwards in animals in which the uterus had previously 
exhibited no spontaneous movements, and in others the contractions 
were rendered stronger and apparently more regular. This contractor 
- effect of quinine occurred whether the prevailing effect of the hypogastric 
was motor or inhibitory, and after ergot had been administered until the 
hypogastric contraction effect had disappeared in rabbits and pregnant 
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cats; it cannot be ascribed to the same site as that of adrenaline there- 
fore. On the other hand it differs from the pilocarpine action in 


persisting after large doses of atropine and is therefore to be attributed 
to direct muscular action. In some experiments in which the injection. 
was made abruptly it induced a considerable fall in blood-pressure, 


while in others a slight rise followed. This change does not seem to be 


the cause of the uterine movement, for much larger changes in the blood- 


_ pressure before and after the injection were without effect, and when the 
' quinine was injected slowly the fall in blood-pressure was very small. 


I am not aware of any experiments on the effect of quinine on other 
forms of unstriated muscle, or whether this action is confined to the 
uterus, but I propose to examine its action on some other organs in the 
near future. In any case this experimental confirmation of the clinical 
observation encourages further trial in obstetrics. 

Aloin. Aloes has long enjoyed a reputation in uterine disease, but — 
its effects have generally been attributed to passive congestion of the 
pelvic organs through local irritation and consequent hyperemia of the 
intestinal mucous membrane. I found in experiments on both the 


Fig. 12. Rabbit, pregnant. Injection of 20 mgs. aloin in old solution. 


rabbit and the cat that 5—10 mgs. barbaloin injected intravenously — 
induced immediate contraction of the uterus and the rhythm of the 
movements was often accelerated afterwards. After larger doses the 
uterus did not relax completely for a considerable time after the 
injection (Fig. 12). A freshly made solution of aloin. injected in one 
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experiment in the cat had no effect whatever, but in all other cases when 
_ an older solution was used the typical contraction was elicited. This is 
in accord with Meyer’s' observation that pure aloin is almost inactive 
in the bowel and that the purgative effect of aloes is due to an oxidation 
product. Aloin causes purgation when injected hypodermically, and this 
is often stated to be due to its excretion into the bowel, irritating the 
mucous membrane. In view of the results on the uterus, however, it 
seems possible that aloin may exercise a direct action on the intestinal 
muscle. 

Alcohol, injected intravenously appeared to have little or no effect on 
the uterine movements. 

Anesthetics. The anesthetics are generally credited with causing 
relaxation and slowing or arresting the contractions of the uterus in 
labour, But in my experiments their effect was generally slight or in 
some cases entirely absent. In only one case did the a.c.E. mixture 
induce a very marked relaxation of the uterus, and here ergot had been 
previously administered until adrenaline caused pure relaxation. When 
slighter degrees of relaxation occurred from the inhalation of chloroform 


. OY A.C.E. mixture, as was oftener observed, it coincided with a marked 


fall in blood-pressure and may have been due to the anzmia of the - 
uterus rather than to any direct action on the muscular fibres. In two 
experiments in which strong rhythmical contractions were present, 
chloroform reduced the rate without altering the strength of the 
contractions. But in several instances chloroform or A.C.E. mixture 
inhaled until failure of the respiration and reduction of the blood- 
pressure to a few millimetres of mercury, had no perceptible influence on 
the rate of contraction or on the degree of relaxation. The division of 
the hypogastric nerves in all the experiments in which the anesthetics 
were employed may explain their divergence from what seems the 
general experience of obstetricians, and again the preliminary anzesthesia 
may contribute to the result. In any case it would appear that the 
direct action of chloroform and ether on the uterus is generally 
exaggerated. 

Barium in small quantities, such as 5—10 mgs. of the chloride, 
causes a marked increase in the tone of the uterus, the spontaneous 
movements persisting superposed on the tracing. After larger amounts 
complete contraction with the obliteration of the spontaneous move- 
ments supervened. The action was not altered by the previous 


Arch. f. exp. Path. Pharm, xxvm. p. 186. 
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administration of ergot or atropine, and appeared to be due to a more or 
less complete rigor of the muscle fibres. 

Ergot. A large number of experiments were performed with various 
preparations of ergot, with results which agree in almost all particulars 
with those obtained by Dale. The most marked action was the 
prolonged contraction of the uterus, which Dale ascribes to a substance 
acting on the muscle directly. This was much more frequently observed — 
than acceleration of the spontaneous contractions, though this also 
occurred occasionally. It was equally marked in rabbits and cats and 
was not influenced by the stage of gestation. The contracture was 
lessened or temporarily abolished by inhibitory action in the virgin cat, 
whether this was elicited by hypogastric stimulation or by the injection 
of adrenaline. The effect. on the myoneural junction of the sympathetic 
motor fibres (Dale) was also elicited by large doses of many preparations, 
hypogastric stimulation causing afterwards pure inhibition in rabbits 
and pregnant cats. There was so great disproportion between the 
quantities required to induce these results in different preparations of 
ergot that there can, I think, be no question that there are two distinct 
principles in ergot, one acting onthe muscle fibre and causing contraction, 
the other paralysing the myoneural junction. In this inference also I 
agree with Dale and it seems unnecessary to enter upon further details 
of the effects which would be largely a repetition of his statement. In 
two experiments in which clavin', the supposed active principal of 
ergot (Vahlen), was injected in doses of 10—50 mgs., it proved devoid 
of action on the cat’s uterus, although fluid extract of ergot caused 
active contractions before and afterwards. | 


Part of the expense of this investigation was defrayed by a grant from the Scientific 
Grants Committee of the British Medical Association. 


Archiv f. exp. Path. u. Pharm. tv. p. 181. 
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ON THE PRESENCE OF LACTASE IN THE INTES- 


TINES OF ANIMALS AND ON THE ADAPTATION 
_ OF THE INTESTINE TO LACTOSE. By R. H. ADERS 
PLIMMER, DSc. 


(From the Physiological University 


Iw a recent communication to this Journal ”), I showed that neither the 
pancreas nor the pancreatic juice of dogs, even when they were fed on 
milk and lactose, contained the enzyme lactase. These results definitely 
proved that there was no adaptation of this organ to a particular diet, 
a result which might have been expected, as the intestines of dogs | 


contain the ferment in considerable quantity. 


Since, however, the pancreas never at any time in the life of an 
animal contains lactase, whereas the intestines of, at any rate, young 
animals contain this ferment, while those of adult animals in many 
eases have lost their power of hydrolysing lactose, adaptation of. this 
organ might be reasonably expected to occur, when the animals are 
subjected to this stimulus by feeding, @ supposition put forward by 
Emil Fischer and W. Niebel® in 1895. 

Experiments in this direction have already been conied out’ by 
Weinland® and by Portier and Bierry®. Weinland found that 
the adult rabbit and the fowl (the intestines of which do not contain 
lactase), when fed on milk and lactose produced this enzyme in their 
intestines. Portier and Bierry, using the duck in their experiments, 
in one case obtained no evidence of adaptation, but in another case found 
that adaptation had occurred. In their communication they stated 
that they would confirm this, but so far as I have been able to find out, 


no confirmation has appeared. The same observers also made experi- 


ments on the production of the ferment inulase, an enzyme not present 
in the intestines of animals, by feeding animals on Jerusalem 
artichokes, which contain inulin. The results were likewise negative 
and they confirm those of Richaud™, who found that inulin was easily 


hydrolysed by the acid of the gastric juice and thus converted into 
levulose which could be assimilated. 
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_ Besides these experiments on the adaptation of the pancreas and 
intestine, a paper by Neilson.and Terry on the adaptation of the 
salivary glands of dogs to amylase has recently appeared. The results 
obtained by these authors, however, are not. very conclusive and further 
experiments on this point would be of great interest. 
Our present. knowledge of the presence of lactase in the intestines 
of animals rests chiefly upon the experiments by Weinland. © The 
earlier work by Dastre”, Réhmann and Lappe and E. Fischer — 
and Niebel was limited to the dog, calf, ox and horse. More extended 
observations were made by Portier, who examined, in addition to 
the above animals, the rabbit, the pig and birds. Lactase was found in 
the intestine of the old rabbit, but not in that of the pig and birds. 
Then, a year later, Weinland took up the subject and examined the 
intestines of young and old dogs, young and old rabbits, young and old 
pigs, young and old oxen, young and old sheep, old horse, young goat, 
new-born child and fowl. Lactase was found to be present in all except 
the old rabbit, old ox, old sheep and fowl. . His results, in the main, 
confirm those of the previous observers, of whom in this connection 
must also be mentioned Pantz and Vogl™ with regard to the 
new-born child. The recent work of Langstein and Steinitz™ on 
the presence of lactase in the excreta of children suffering from gastro- 
enteritis is a confirmation of this. Porcher™ has also found lactase 
in the excreta of young mammals, The experiments of Bierry and 
Gmo-Salazar™ upon animal lactase were rather in respect to its 
localisation than to its presence in young and old animals, Finally, 
- @ recent note by Mendel, who found lactase present in the 
alimentary tract.of the embyro and suckling pig, but not in the adult 
pig, completes the observations on the presence of lactase in the 
intestines of animals. The net result of the work of these observers 
is, that lactase is present in the intestines of all young animals but is 
not found’ in all old animals. Doubt still remains with regard to the 
old rabbit and old pig; the former having been found by Portier 
but not by Weinland to contain lactase; the latter, according to 
Weinland, contained lactase, but according to Portier and to Mendel 
it is not present. 

It is necessary here to call attention to the methods which have 
been employed for the detection of the lactase. Portier used the 
osazone method, which has been shown by Bierry to be incapable of 
detecting a change of less than 20 per cent., and consequently, if less 
hydrolysis had occurred, the possibility of detecting it would be excluded. 
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Weinland used the polarimetric method, observing the difference in 
rotation of a solution of lactose at a period of about 6 hours after the 
addition of the extract of mucous membrane, and comparing it with 
that which would be given by the solution not submitted to this 
treatment. The differences thus obtained were so small, amounting to 
0°1—0°2°, and corresponding to less than 3 per cent. inversion, that 
real conclusions cannot be based on his results. Though the solutions 
were also submitted to the action of Saccharomyces apiculatus, which 
ferments glucose but not lactose, the results obtained in this way are 
doubtful since the presence of glucose was not excluded by a proper 
control with boiled extract. 


In consequence of this, I have thought it advisable to try to confirm 


Weinland’s observations and to amplify them as much as possible, 
more especially as the question of adaptation is biologically of such 
great importance. The results which I have obtained are embodied in 


a table, from which it will be seen that I can find no evidence of the | 


adaptation of the intestine. | 

The method which I consider the best for the determination of the 
presence of lactase is the reduction method, which is not only the most 
sensitive and most accurate but which at the same time gives an idea 
of the quantity of ferment present. It was not used by any of the above 
observers except Réhmann and Lappe. It has been supplemented in 


many cases by the other two methods as controls. Of the reduction - 


methods, Allihn’s, which consists in weighing the precipitated cuprous 
oxide, either as such, or when reduced to metallic copper, is that which 
is the most accurate and most free from personal error, and this method 
_ has been used in the following experiments exclusively. . 

The manner in which these experiments have been performed is 


| essentially the same as I have previously described, which consisted in | 


adding a definite volume of an extract of the mucous membrane of the 
intestine of the animal, removed as soon after death as possible, 
immediately in the case of the smaller animals which were kept in the 
laboratory—to a known volume of lactose solution. The mucous 
membrane was scraped off, ground up with sand and treated for 
6—24 hours with toluol water; before use, the extract was filtered 
through cotton wool or lint.. The presence of unbroken cells, which 
_ passed through, may be premised to be advantageous, as it has been 
proved by Dastre, Pregl, Bierry and others, that lactase is not found 
in the intestinal juice but is present only in the cells of the mucous 
membrane, No attempt was made to isolate or prepare an extract of 
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lactase, such as was obtained by Porcher, since my object was simply 

to determine the presence or absence of this ferment in the mucous 
membrane of the intestine. A control experiment was made in every 
case, which consisted in adding to the same volume of lactose solution 
an exactly equal quantity of boiled extract. A small quantity of toluol, 
generally 2c.c., was added to each, and the two flasks, carefully corked, 
were incubated at 36—38° C. for 2—4 days, which, in the case of animal 
lactase, is essential, as I shall show later, since the ferment, when 
present, is either small in quantity or slow in its action. After the 
period of incubation, the same volume of mercuric nitrate solution 
(prepared by Patein and Dufau’s method) was added to each to pre- 
cipitate the protein and the flasks were allowed to stand for about 
12 hours, so that the precipitate of protein should settle. The two 
solutions were then filtered and the same volumes of the filtrates were 


neutralised with the same quantity of 10 per cent. caustic soda, run in 


from a burette. The greater part of the mercury was thus removed, 
the remainder being separated from the solutions by passing hydrogen 
sulphide gas into the same volumes of the filtrates. Excess of the latter 
was removed by copper sulphate solution, the two solutions made up to 
a definite volume (generally 250c.c.) and filtered. The filtrates, so 
obtained, were then used for the reduction by Allihn’s method, 20 c.c. 
being generally employed, the cuprous oxide being collected on a 
weighed filter, as previously described, washed with water, alcohol and 
ether, dried at 110° C. and weighed. In every case, both the experiment 
and the control were treated in precisely the same way, the pipettes 
used in measuring out the volumes of the solutions being always 


‘the same and thoroughly cleansed and dried before taking up 


the solutions into them. As perfect a control experiment as possible 
was thus made. The only difference consisted in the amount of copper 
sulphate present in the solutions. This, however, was insufficient to 
colour the solutions except very faintly and would not interfere with the 
reduction where excess of copper sulphate is already present. For 
further confirmation of the results, in the earlier experiments, the 
rotations of the two solutions were also noted and the osazones were 
prepared after exactly neutralising with caustic soda, which completely 
removed the slight excess of copper sulphate present. (It not exactly 
neutralised and traces of copper still remain in solution, the separation 
of the osazone is not complete and on recrystallisation is totally lost.) 
In the later experiments, this confirmation was not considered 
necessary and would have required too much time to carry out during 
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the course of the large number of determinations which have been made. 
The results by the reduction method are quite sufficient to show how far 
the hydrolysis of the lactose had proceeded. It may be stated that 
unless the reduction showed 15—20 per cent. inversion, no osazone 
insoluble in boiling water could be isolated. A few examples will serve 
to show how this procedure was carried out :— 


~ 120 ¢.¢. toluol water extract of mucous membrane of fowl fed for 14 weeks on milk 


and lactose mixed with the ordinary food. : 
100 ¢.c. 5°), lactose solution, 50c.c. extract, 2 ¢.c. toluol Incubated at 38° C. 
to c,c. 5°), lactose solution, 50 c.c. boiled extract, 2 c.c. aad for 8 days. 

Then, to each was added 10 c.c. mercuric nitrate solution. Filtered. 130 ¢.c. filtrate 
neutralised with 5°65 o.c. 10°/, NaOH and filtered. 120 c.c. filtrate treated with H,8. 
Excess of H,S removed with CuSO,. Made up to 250 c.c, and filtered. 20... filtrate used 
for reductions. Rotations of the experiment and the control were + 1° 46’ and +1° 45’ 
respectively. The osazones, prepared after exactly neutralising and filtering from copper 
hydroxide, were completely soluble in boiling water and melted at 211°C. and 212°C, 3 
respectively. 

(2) 60 0.0. toluol water extract of mucous membrane of large ¢ rat, not fed on milk. : 

c.¢, 5 %/, lactose sol,, 25 o.c. extract, 2 c.c. toluol Incubated at 36—38° O. | 

50 c.c, 6 °/, lactose sol., 25 ¢.c. boiled extract, 2 c.c. toluol for 3 days. 

Then, to each was added 5¢.c. mercuric nitrate solution. Filtered. 65 c.c. filtrate 
neutralised with 3°0c.c. 10°/, NaOH and filtered. 60c.c. filtrate treated with H,S. 
Excess of H,8 removed with Cu80,. Made up to 250 .c, and filtered. 20 ¢.0, filtrate for 
reductions. 

(3) 60 0.c. toluol water extract of mucous membrane of intestines of two newly-born 


pigs. | 
50 c.c. 5 °/, lactose sol, , 25 c.c. extract, 2 ¢.c. toluol Incubated at 36° C. 

Then, to each was added 5c.c. mercuric nitrate solution. Filtered. 70 c.o. filtrate 
neutralised with 3:5¢.c. 10°/, NaOH and filtered, 65.0. filtrate treated with H,S. 
Excess of H,S removed with CuSO,. Made up to and filtered. 20 .c. filtrate. 
for reductions, 


With the exception of the larger animals, all were kept in the | 
laboratory so that their actual diet for the various periods was known. 
In the case of the animals’fed on milk and lactose, the fowls received it 
made up into a paste with their corn, which was previously ground; they 
ate the food quite well and put on a great deal of fat. The rabbits 
received it mixed up with bran or oats, the rats and guinea-pigs 
were fed with bread soaked in milk to which a little lactose was added. 
Neither the rabbits nor the guinea-pigs cared for this food, but they ate — 
it quite well in the morning before receiving their other food, which 
consisted of oats and green leaves. ; 

_ The following table gives the reduction values obtained with the 
quantity of glucose corresponding to the average reduction values in 
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Time of 
(1) Kitten 
(2) Kitten 
(8) Cat 7 
(4) Dog 2 
(5) Monkey 
. (7) Sheep . 8 
\ Frog 
(9) Fowl 
‘ (11) Fowl, fed 6 weeks with 
and lactose 3 
(12) Fowl, fed 9 weeks with , 
; (18) Fowl, fed 14 weeks with , 
milk and lactose 
4 (15) Rabbit... 
: (16) Rabbit, kept 8 weeks with- 
fies (17) Babbit, fed 8 weeks with , 
milk and lactose 
(18) Rabbit,kept16weekswith- 
out mi lactose 
(19) Rabbit, fed 26 weeks with 
ft milk and lactose 
ap (21) Large intestine of Rabbit 
(17) 
(22) Rat, intestines of 6 fostal, 
tea 2 days before birth 


Table of Results. 
01860767 
02024 886 
04508 208-1 
04588 
04704 914-4 
100° 
(217-0 
=e 
09548 1068 


01700 
01700 
58° 
«1986 
106-9 
0-2521 


25 


each experiment taken from the figures published by E. Pfltiger™, 
The percentage. of hydrolysis is given in the last column, from which 
_ the actual results of the experiments can be readily seen. 
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inversion a 
17°7 
23°4 
46°5 
51°8 
99 
4 
2°1 
39 
1°9 
0-1 
2°1 
23°4 | 
39°8 
11°2 
23°7 
55°1 
62°3 
13 
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Table of Results (continued). 

Animal  indays glucose CuO glucose 
(24) Rat, small ... 
(83) Guinea-pig, old 
(86) Guines-pig, 5weeksold 3 1043 103-9 
(87) Guines-pig, 7wocks old 3 P2878 gg. 
Guineapig, 9 weeks old 3 gig 

0-2280 0-2984 
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Percentage 
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filter 0°2512 

(50) Pig, fed 8 months with 3 0-3072 
milk, upper half in- 0°3044 
testine 

(51) Pig, fed 8 months with 3 0°3052 
milk, lower half in- 0°3074 
testine 

(52) Pig, fed 8 months with 0°2476 
u half intes- 02474 
Berkefeld filter 

(53) Pig, fed 8 months with 3 0°2464 
gg intes- 0°2464 
Berkefeld filter 

(54) Pig, fed 8 months with 3 02352 
milk, pancreas 0°2372 

(55) Pig, fed 8 months with , 0°3576 
milk, pancreas + solu- 0°3582 
tion of glucose instead 
of lactose 

5 creas, solution of 0:1874 


In all the experiments the period of incubation of the extracts of 
intestine with lactose lasted from 2—4 days, a length of time which is 
necessary for the animal lactase to exert its influence, especially when 
only a small quantity is present and particularly when only about 
20—30 per cent. inversion occurs. The following experiment, made to 
determine the rate of action of lactase in the intestine of the cat, shows 
clearly that this length of time of incubation is necessary. (Weinland 


103°3 


98°8 


155°1 


117°9 
773 


Control 
Gra. 

= 

0-2498 

949g (1047 

0-2220 

0-2382 

02459 10380 

02486 

02244 

89 
diff. =4°9 mgm. 

0:3530 

0-3644 1529 
diff. =2°2 mgm. 

0:2666 

0°1858 

o1s7g 769 


incubated his extracts only for a few—about 6—hours.) 


150 0.0. 5 °/, lactose solution, 150 c.c. extract, 2c.c. toluol. After certain intervals of 
time 25 o.c. were removed and precipitated by 5 c.c. Hg(NO,),. Filtered. 20 ¢.c, filtrate 
neutralised with 2°5c.c. 10°/, NaOH and filtered. 15 .c. filtrate treated with H,S. 
Excess of H,S removed with CuSO, Made up to 50c.c. and filtered. 20c,c. for 


reductions. 

0 0°1700 69°7 0 
6hours  0°1750 
46. 0°1816 16°7 


0-1848 76°1 21-4 


Percentage 
0-1860 76°7 23°4 
01886 778 27°1 
0°1920 79°3 32°1 
0-1982 79°8 33°8 
0-2010(022 83°6 46°5 


82 


122 


10°6 
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Table of Results (continued). 
a 
re _Mgm. of 4 
Animal in days CuO glucose inversion 
49 filtered ‘thro 0°2516 
130°2 96-9 
: 130°4 17°8 4 
| 103°8 18 q 

: 

Time 

72 hours 

96 

120 |, 
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Another experiment was made with the intestine of the dog, but 
here two scrapings of the same length of intestine were made, a surface — 
and a deep scraping, in order to determine, if possible, whether lactase, 
like enterokinase, is localised in any particular layer ‘of cells, Both 
were well ground up and made up to the same volume with toluol water 
(200 cc.) and filtered; 90 c.c. of each were incubated with 100 c.c. 
lactose solution, 30 c.c. samples being removed at ‘cumeiiuns and treated 
in the usual manner. 


Surface Scraping. | Deep 
Percentage Percentage 

G of G of 
0 96°5 0 0 02344 98-0 0 
16hours 02480 101°8 128 | 16hours 1118 3829 

0°2520 | 02714 1146 39° 
02664 884 | 47 ,, 0°2894 1226 586 
02714 1146 48°6 | gy, 
64 ,, 02752 1164 47-9 


These results would seem to show that lactase is localised rather in 
the deeper than in the surface layers of the mucous membrane, but it 
must be remembered that the quantity of solid matter is much greater 
in the former than in the latter and the volume of toluol water used to 
make up to 200 c.c. is much less. The following experiment, however, — 
shows that more hydrolysis occurs with the surface scraping : 


100 c.c. lactose sol., 100 c.c. extract surface scraping, 2 c.c. toluol 

100 ¢.c. lactose sol., 100 c.c. boiled extract surface scraping, 2 ¢.c. toluol Incubated at 
100 ¢,c. lactose sol,, 100 c.c. extract deep scraping, 2 c.c. toluol 88° C. for 
rare lactose sol., 100 c.c. boiled extract deep scraping, 2 c.c. toluol } 8 days. 


Surface Scraping. 
Control of 
Cu,0 = glucose CuO =  #Mgm. glucose 
| 075008 2506 4161 185-0 
0-5754 | 04172 


The conclusion is from these experiments that lactase is distributed 


fairly equally — the whole of the mucous membrane of the 
intestine, 
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It has been shown above that neither the frog nor the fowl have 
lactase in their intestines, and we may conclude that animals lower | 
than mammals do not possess this ferment. Of the mammals, the 
carnivora and omnivora have lactase present during the whole of their 
lives, but the herbivora only when they are young, with the exception 
of the rabbit; my result in this instance differs from that of Weinland 
but confirms Portier’s, With regard to the pig, neither Portier 
nor Mendel could find lactase in its intestine, whereas it was found by 
Weinland whose results are confirmed by my own. Further, I have 
been able to confirm Bierry and Gmo-Salazar’s observation that the 
ferment does not pass through a Berkefeld filter and is therefore localised 
in the cells of the mucous membrane of the intestine ; hence the necessity. 
of using extracts such as I have employed. In the cases of the dog, 
sheep, monkey, calf, pig, only a portion of the mucous membrane of the 
intestine was used, as the quantity in these animals was too great for 
convenient manipulation, in all other cases the whole was employed. 

As one was able to employ the whole of the intestines of the smaller 
animals, namely the rat, guinea-pig, and rabbit, a real control was 
possible for determining whether adaptation had occurred. With the 
guinea-pig, where the lactase disappears entirely in about 5 weeks after 
birth, the result that adaptation does not occur is very obvious, the 
amount of hydrolysis. which actually took place, from 0°2—1°5 per cent., 
being without doubt due to experimental error. In the rabbit and the rat 
a certain quantity of lactase is always present, but this quantity—from 
the amount of hydrolysis—did not increase when they were fed on milk 
and lactose, and we have thus further evidence that adaptation does 
not occur. As before mentioned, this evidence could only be obtained 
by employing the whole of the intestine of the animal in every case, so 
that a comparison was possible. If adaptation occurred, the percentage 
of hydrolysis should increase instead of remaining the same as when the 
animal is not fed with milk, and it never increased to the amount given 
by the young animal which might at any rate be expected. Thus, 
a young rat showed 18°5 per cent. hydrolysis and adult rats, fed for 
various periods, showed 7:2—8'3 per cent. hydrolysis, the same as that 
_ given by adult rats which had not been fed on milk, 

_ The results with the fowl are confirmatory of those with the guinea- 
pig, rat and rabbit, but the fowl, never having had lactase in its intestine 
would. not be so likely to show any adaptation as would mammals, If, 
however, adaptation occurred it would be less extraordinary in mammals 
than in the fowl, and adaptation in the fowl would be the most conclu- 
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sive evidence that adaptation could occur at all, and would bring down — 
Darwin's environment theory to too narrow am issue, when such 
processes require indefinitely long periods of time. In the experiments 
on this subject the animals which permanently have lactase are those 
which are highest in the scale, namely man, monkey, the carnivora and 
omnivora, &c, The more functions an animal can perform, the higher it 
must be in the scale of organised beings. , It does not seem impossible 
therefore that adaptation could be experimentally attained by prolonging. 
the stimulus for very much longer periods, «.e. through many generations 
of animals instead of on one animal. 

It might be thought that the amount of stimulus given to the 
smaller animals by feeding was insufficient, as the guinea-pigs and 
rabbits did not care about bread and milk diet. Through the kindness 
of Drs C. J. Martin and Dean, to whom I should like to express my 
thanks, an adult pig was kept for me at the Lister Institute and fed for 
3 months on 4 gallons (= about 20 litres) of milk per day. This 
experiment was commenced before I had examined the intestine of a pig 
for lactase, the previous observers, Portier and Mendel, having been 
unable to detect the presence of this enzyme, whereas Weinland found 
it and I could not accept his results. In the meanwhile I examined 
other pigs’ intestines for lactase and found it present, so that the above 
experiment was really of no use for determining whether adaptation of 
the intestine occurred. The experiment, however, gave me the oppor- 
_ tunity of again investigating whether adaptation of the pancreas occurred. 
It showed 12°2 per cent. hydrolysis. Nearly the same amount of 
hydrolysis, 10°6 per cent., was given by the pancreas of an ordinary pig 
not fed on milk, and hence it may be concluded that adaptation does not 
occur even with this great stimulus. The roughly 10 per cent. hydrolysis 
in each case is due to contamination from the intestine, since the 
animals had to be killed in the slaughter-house where it is impossible 
to prevent contamination when dealing with such large masses of 
material, and where other animals have previously been killed. The 
hydrolysis would have been much greater if it were really due to the 
pancreas itself, which weighed about 150 gms. It was thought that the 
increase in the amount of reducing sugar might be due to reducing 
sugar from the pancreas itself, but experiments carried out in exactly 
the same manner with the pancreas alone and with a solution of glucose, 
instead of lactose, showed no difference in the amount of reducing sugar 
after the period of incubation. 

It may therefore be concluded that neither the pancreas nor the 
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intestines of animals can be made to adapt themselves to any particular 
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diet. 
In addition to these results I have been able to determine at what 
period in the life-history of the rat lactase first appears. Embryos 
about 2 days before birth had no lactase in their alimentary canal, 
whereas about 12 hours before birth lactase had appeared. 
The guinea-pig, as the figures show, already loses its lactase in 
5 weeks after birth, and it would be interesting to know whether by 
continuous milk-feeding from birth, the enzyme could be kept from 
disappearing. Experiments in this direction are being carried out and 
some also in order to determine how soon before birth the enzyme 


appears. 
Throughout these experiments I have been greatly helped by _ 
Lane-Clay pon, to whom I owe my thanks. — 


In conclusion, I wish to acknowledge my indebtedness to the Government Grant 


research. 
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THE HASMATOLOGY OF CARBON-MONOXIDE POISON- 
ING. By G. G. NASMITH, M.A., Ph.D. (Tor.), AND D. A. L. 
GRAHAM, MB. (Tor.). 


(A contribution from the Laboratory of the Provincial Board of 
Health of Ontario.) 


THaT the poisonous nature of coal or illuminating gas” is due to 
the carbon monoxide which it contains has long been known. 
- Haldane® has shown that the hemoglobin of the blood has an 
affinity for carbon monoxide about 140 times as great as that which it 
has for oxygen. He has also placed beyond doubt the fact that carbon 
monoxide is not used up or oxidized in the body but is excreted by the 
lungs unchanged, and concludes that carbon monoxide acts as a poison 
purely in a negative way by uniting with the hemoglobin of the blood, 

thus throwing it out of commission as an oxygen carrier and =e 
_ preventing normal oxidation in the tissues. 

It was with the object of ascertaining what the ultimate action of 
carbon monoxide was upon the body and whether it played any great 
part in producing anemia, which has so often been associated with 
leaking gas pipes and sometimes found in persons breathing gas 
contaminated atmosphere, that. this investigation was undertaken. 
Moreover, it was hoped that we might arrive at some conclusion as to 
why some individuals subjected to acute coal-gas poisoning recover rapidly 
and suffer little after-effects, while others linger for three or four days 
and finally succumb. Our have been made on 
guinea-pigs. 


CHRONIC COAL GAS POISONING. 
At the beginning of this work the animals were placed in a cage and 
a mixture of air and pure carbon monoxide passed through the cage 
until 50 °/, of the hemoglobin of the guinea-pigs was saturated with gas. 


As guinea-pigs just retain consciousness with 50 °/, saturation they were 
kept at this point for one hour and then removed. Such doses having 
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no apparent effect when repeated daily for weeks either on the blood, 
weight, or health, another method was resorted to. The animals were 
placed in cages in an air-tight chamber continuously exhausted by 
means of an electric fan. The air drawn through the chamber entered 
at the bottom through a wide pipe. A gas-tube entered this pipe so 
that the outlet dipped into a cup of mercury on the end of a beam. 
This beam revolved on an axle in such a way that the current 
operating the electric fan ran through the coils of a temporary 
magnet, and thus drawing up the beam allowed the gas to pass. If, 
for any reason, the fan stopped running the gas was instantaneously 
cut off. 

Twelve guinea-pigs were taken, six males and six females, and placed 
in two cages in the gas chamber after making careful estimations of the 
white and red blood corpuscles and hemoglobin. Gas was then allowed 
to mix with the air drawn through the chamber until the mixture was 
of such a strength that 25°/, of the hsmoglobin of the guinea-pigs 
was saturated with carbon monoxide. MHaldane’s method for the 
estimation of carboxy-hemoglobin was used. As blood will take up 
only a definite quantity of carbon monoxide from any definite mixture 
of carbon monoxide and air the blood saturation for our purposes was a 
sufficient indication of the strength of the gas mixture. For the sake of 
brevity, we will term this saturation of the hemoglobin of the blood with 
CO as “ hemoglobin saturation.” | 

Erythrocyte and leucocyte counts were made as frequently as 
possible, together with hemoglobin estimations and differential counts. 
For the total red counts Hayem’s solution was used; for the total 
white counts dilute acetic acid. The hemoglobin was estimated by 
Dare’s hemoglobinometer. The differential counts were made from 
smears stained by Wright’s method, occasionally checked by Ehrlich’s 
triacid and Jenner's stains. | 

After the first few weeks all counts and smears were taken after the 
guinea-pigs had been kept without food for at least fifteen hours, thus 
obviating the large error which we found due to the leucocytosis of 
feeding. The animals were usually transferred to cages without food at 
night and the estimations made before feeding them next day. All 
hemoglobin estimations were made after the animal had been left in 
the fresh air for one and a half hours, since it was found by experiment 
that the blood with 25°/, haemoglobin saturation became completely free 
from CO in that time. 

The. weight of the animals was occasionally noted, and at intervals, 
PH. XXXV. 3 
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one of them was taken and. killed by a blow on the head; the organs 
were hardened in alcohol, alcohol and formaldehyde or Zenker’s fluid, 
to examine for possible pathological changes which might have taken — 


Of the twelve guinea-pigs originally placed in the gas chamber 
fifteen months ago, two are still apparently as healthy as ever, one died — 
of old age after two months confinement, four died at one time through 
the carelessness of the attendant, one after seven months was transferred 

to fresh air again, and five have been killed for pathological study. 

Other guinea-pigs have been put in and taken out of the gas at various 
times for confirming certain points. - 

_. None of the animals decreased in weight: on the contrary most of 
them gained. After the first few days, those living with 25°/, of their — 
_ heemoglobin saturated with CO appeared just as active and happy as 
those living in the air. | 

It was naturally expected that with only three-fourths of their 
hsemoglobin available for oxygen carrying purposes the animals would 
fail to resist. and that symptoms of anemia would follow. The reverse 
process actually took place and to our surprise the animals succeeded in 
resisting. The blood showed degeneration of the erythrocytes on the 
second day, followed on the third day by the appearance of normoblasts, 
A steady rise in the number of erythrocytes after a few days indicated 
clearly that the gas was causing increased proliferation of the erythro- 
blasts and that compensation was taking place. After three to four 
weeks the animals attained their maximum of red blood corpuscles for 
that saturation and the counts then remained approximately constant. 
As compensation took place the degeneration of the erythrocytes 
gradually disappeared. The leucocytosis, present at first, also 
disappeared although the leucocyte count after compensation had 
taken place remained above that of guinea-pigs living in air. The 
normoblasts. disappeared within a few days of their first, appearance, as 
did poikilocytes which were sometimes present at the beginning. The 
animals in short became acclimatised. 

With twenty-five per cent. of its blood rendered. useless for oxygen 
carrying purposes by its union with CO the guinea-pig is capable of 

- compensating and will manufacture new red corpuscles until it, has 
reached @ total of about 8,000,000. with a corresponding hmmoglobin — 
content of 105°/,. The normal number of erythrocytes in the peripheral 
circulation of guinea-pigs is about 6,000,000 with 88 °/, hamoglobin. 
The animal with true compensation has three-fourths of 8,000,000 or 
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per cubic millimetre in three or four weeks. 


Taste I. To illustrate the increase in the number of erythrocytes in blood 


- original normal number. The hxemoglobin on the contrary shows a 
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6,000,000 erythrocytes, and three-fourths of 105°/, or 79°/, of its 
haemoglobin still available. Thus there is only a total loss for oxygen 


carrying purposes of 9°/, of its hemoglobin. 
The guinea-pig responds very rapidly in its effort to counteract the 


effect of the CO and will manufacture 2,000,000 aaonnl corpuscles 


of guinea-pigs living in a gas atmosphere so that 25°/, and 35°), of 
the hemoglobin was satwrated with carbon monoxide. 


(The numbers of the erythrocytes have in each case to be multiplied by 1000.) 


June 9—12. June 2-80. June 7-10. After com. 
pig Saturation 0 "25 25%, sat. Hemoglobin 
1 6,680 7,282 7,082 8,064 9,416 104 
2 6,280 6,367 7,680 7,016 9,864 107 
4 5,860 6,757 7,860 8,424 9,294 104 
5 5,576 79,296 8986 7,176 9,440 108 
6 5,552 5,976 8,082 9,120 9,712 105 
Average 5,879 6,726 7,600 7,960 ‘9,581 104°6 
June 7—9 June 12-15 June 23—27 July 4—6 
1 6,861 6,152 8,282 8,800 
6,702 8,208 7,896 9,976 107 
8 (6,944 6,860 7,776 6,848 9,216 106 
«ll gw 6,995 8,888 8,004 9,744 106 
5 6,648 6,789 7,682 7,752 9108 108° 
6 6,536 6,829 7,768 7,848 9,256 106 
Average 6,292 6,629 8,002 7,858 9,544 106-4 


When a guinea-pig has attained full compensation, however, and is 
brought into air the erythrocytes do not show an immediate diminution ; 
the number may in fact remain oscillating for several weeks about its 
compensation point before coming back, perhaps quite rapidly, to its 


steady decrease from the beginning as may: be seen from the following 
example. No. 4, female, was taken from the gas:in which it had been 
Nov, 1905. . 
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36 G. G. NASMITH AND D. A. L. GRAHAM. 
II, No. 4—Female. 


Date Erythrocytes Heemoglobin 
Nov. 27 7,882,000 106%, 
Nov. 29 8,688,000 - 106 
Dec. 9 9,072,000 108 
Dec. 18 8,160,000 
Dec. 18 7,992,000 98°5 
Dec. 30 | 7,680,000 900 
Jan, 8 6,184,000 — 89°0 
Jan. 29 5,986,000 88 


A second guinea-pig placed in the gas Nov. 27th, 1905 to Feb. 21st, 
1906 with hemoglobin saturation gave the following results: 


III. No. 7—Male. 


Nov. 27 5,912,000 88 
Dec. 1 6,042,000 5 
Dec. 4 6,440,000 ye 
Dec. 7 7,080,000 
Dee. 13 7,440,000 95 
Dec. 22 7,920,000 . 100 Sree 
Jan. 6 8,088,000 
Jan. 8 7,648,000 100 
Jan. 15 8,032,000 eae 
‘ Jan, 26 7,968,000 106 
Feb. 21 8,024,000 


One of the animals which had been for a year in coal gas with 25°/, 
hemoglobin saturation, then for several weeks at 35°/, saturation, and 
finally for three weeks at 45°/, saturation, was put into the air. It 
then had 10,093,000 erythrocytes and 110°/, hemoglobin. One month 
later it had 10,720,000 erythrocytes and 109°/, hemoglobin. One 
month later still, no examination having meanwhile been made, the 
blood showed only 6,346,000 erythrocytes, 6,000 leucocytes and 89°/. 
hemoglobin. 

The effect of depriving an animal of the use of part of its hemoglobin 
by allowing it to unite with CO is also in many respects similar to 
depriving it of part of its blood by bleeding. In the latter case the 
blood is rapidly renewed by the activity of the hematopeitic organs, as 
evidenced by the appearance of normoblasts and the increasing quantity 
of erythrocytes and hemoglobin. 


twenty-four hours after the guinea-pigs enter the gas-chamber at 25°, 


Evidences of degeneration are to be seen in the erythrocytes within 
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saturation, followed by the appearance of erythroblasts between the 
sixtieth and seventieth hours. If the animal resists, these erythroblasts 
disappear in about a week, and as true compensation obtains the 
degenerated forms also disappear so that the blood becomes histologically 
normal again. These phenomena are again repeated if the hemoglobin 
saturation is again increased. ~ 

In gas-poisoning at least the degeneration of the erythrocytes does 
not begin with an increasé in the pale centre of the corpuscles as 
Maragliano® and Castellino have pointed out sometimes occurs, but 
rather in a lessening or disappearance of this normal biconcavity. The 
degenerating corpuscle in specimens stained with Wright's stain assumes 
a very finite, granular, homogeneous appearance of a pale, violet or 
greyish tinge. These changes are accompanied by an increase of about 
1 m. in the diameter of the corpuscles. 

In stained specimens as the amount of hzmoglobin decreases in the 
corpuscle this tint becomes more intense urtil-we-haye present all stages 
from a pale purple, or violet, to an intense blue. This erythrocyte 
degeneration, as evidenced by a more or less nuclear staining of the 


- discoplasm of the corpuscle, does not advance from the periphery to the 


centre, or vice versa, for we find islands of protoplasm both at the centre 
and the periphery still tinged with hemoglobin. As degeneration 
advances we get a vesiculated appearance of the protoplasm, in many 
cases surrounding an island of hemoglobin holding protoplasm. This 
vesiculated appearance is followed by vacuolation.of the cells and in 
acute degeneration a mere shell-like form may persist, Hayem’s 
achromocytes. | 

As already stated erythroblasts appear after about 60 hours with 
25°/, hemoglobin saturation, and after remaining from four to seven 
days again disappear. In the course of a 400 leucocyte count probably 
only four or five will be found. In the case of the guinea-pig put directly 
into gas producing 45°/, haemoglobin saturation they numbered 400 to 
a 400 leucocyte count after a few days, and were present in the blood for 
sume weeks. These forms appear in the blood to a large extent not as 
normal erythroblasts but as degenerated forms whose protoplasm shows 
nuclear staining. A few, however, show no degeneration, the number 
of these normal forms increasing as compensation takes place. 

As the erythrocytes of normal blood are being used up and replaced 
continually, and even under ordinary circumstances show these various 
stages in their life history, so this process is constantly taking place 
only more rapidly in ‘the gas. The life history of the cells in the latter. 
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case is shorter because they are living under conditions where the 


‘normal metabolism of the cells is interfered with; even where true 


compensation has taken place the blood corpuscles show greater evidence 
of breaking down, the degenerating corpuscles being regarded as older 


forms having less hemoglobin. In the case of the nucleated red 


corpuscles we find degeneration of the corpuscles in acute stages of 
poisoning; we must regard these also as being deficient in haemoglobin. 
The nucleated forms not showing degeneration are probably young cells 


which have just recently entered the blood stream from the marrow. 


In the stages of degeneration in cases where erythroblasts persist 
until death, erythrocytes were observed with basophile granulations, the 
granules studding the protoplasm of the cell. The cells in stained 
specimens showing this granulation were of a greyish tint and did not 
show advanced signs of degeneration. We regard these as degeneration 
products rather than the results of nuclear disintegration. When 
erythroblasts are numerous in the blood stream many free nuclei are 
found, while some normoblasts with two nuclei and others with the 
nucleus actually undergoing the process of division were occasionally 


Nucleated red corpuscles taken from the bone marrow of a guinea- 


pig with 10,000,000 erythrocytes when well stained with Wright's stain 
show a peculiar brownish red colouration of the hemoglobin holding 
protoplasm unlike the ordinary erythrocytes which are coloured more of 
a pinkish red, 

From what has been said above it is clear that the effects of 
chronic CO poisoning in the blood is similar to that which occurs at 
high altitudes, It is true that in the latter case nucleated red blood 
corpuscles have not been found, but we think the only reason for this 
is that the ascent has not been made rapidly or high enough. The 
similarity is obviously explained by the view that a lack of oxygen is 
the chief cause in both cases of the changes in the blood. 

The effects of a high hemoglobin saturation on the red blood corpuscles 
of guinea-pigs. As it was of physiological interest to determine how 
high a percentage of saturation guinea-pigs can stand continuously, the 
gas was increased so that the blood attained a saturation of 35%/,. After 
a couple of weeks when the erythrocytes had increased to 9,000,000 the 
saturation was raised to 45°/,, The animals looked ill for a few days 
and a collapse was feared, more especially as they seemed to lose 


their appetites. In four or five days they again began to eat heartily 


and gradually regained their normal appearance ; examination of the 
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blood showed a vast amount of degeneration of the erythrocytes and 
large numbers of normoblasts appeared. The reds rapidly increased, 
however, and in three weeks the blood of the four guinea-pigs at this 
saturation showed 10,500,000 erythrocytes per c.mm. The corresponding 
hemoglobin content was then 110°*/,. The blood was so thick that it — 
became increasingly difficult to obtain good smears owing to the fact 
_ that the blood would not spread on the glass slides. 

‘To show what the effect would be on’a normal animal when put 
in an atmosphere which would cause 45 °/, hemoglobin saturation, one 
was placed in a cage with the other four acclimatized guinea-pigs. It 
died in four days. As the animal constantly shivered and showed every 
indication of being cold, another guinea-pig was put in a cage with a 
current of warm water circulating below the pan of sawdust in the 

bottom. This kept the temperature quite warm, but the animal died 
in three days with exactly the same symptoms, except that it did not 
appear to be cold. A third guinea-pig was put in with the other four 
and showed all the typical symptoms up to the fourth day. When 
removed to the air it could not move and lay on its side for a couple of 
hours apparently dying. It then began to improve, ate a little food and 
after 7—8 hours was put back in the gas box. For a few days it appeared 
ill and became very thin but eventually recovered. In 4 to 7 days from 
its entry into the gas the red blood corpuscles showed such an amount 
of degeneration that it was difficult to understand how the animal 
could possibly maintain life. Many of the corpuscles were mere husks 
or shells with the ragged remnants of an interior; normoblasts were — 
extremely numerous and their free nuclei appeared quite frequently. 
Many of the normoblasts showed degeneration of their protoplasm which 
sometimes consisted of a mere ragged remnant stained blue. If, therefore, 
a guinea-pig were taken into an atmosphere containing 7°/, oxygen, 
or elevated 28,000 feet above the sea level we should expect it to die 
in about 3 or 4 days, since this height corresponds to a hemoglobin 
saturation of 50°/,. As a matter of fact it would probably die long 
before this time on account of the intense cold, dilation of blood yaaa, 
and other effects resulting from rarefied canning 
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THE LEUCOCYTES OF GUINEA-PIGS, DURING HUNGER, AFTER 
FEEDING AND DURING CARBON MONOXIDE POISONING. 


The total number of leucocytes per cubic millimetre in the guinea- 
pig when taken carefully so as to exclude the effects of food and excite- 
ment is about 6,000. For instance, the blood of ten guinea-pigs which 
had been kept in the laboratory for some time in order to allow them 
to become used to their surroundings, when kept without food over 
night and taken early next morning gave the following numbers, 


Total Leucocytes per c.mm. 
1. 6,800 6. 6,000 
2. 5,900 6,500 
8. 6,100. 8. 6,900 
‘6,700 9 5,500 
5. 5,700 10. 6,000 
Average 6,110 


When these precautions are not taken, however, the number may 
and does vary widely from this normal count, commonly ranging between 
eight and thirteen or fourteen thousand. Our counts and smears were 
therefore always taken with these facts in mind in order to obviate the 
errors which others have committed in this 

In our differential classification we have divided the leucocytes into: 


1, Eosinophils—corresponding to the coarsely granular oxyphil 
cells, | | 

2. Pseudo-eosinophils (Kurloff)—corresponding to the finely 
granular oxyphil cells or polymorphonuclear cells or poly- 
nuclears. 2 

Mast cells—of Ehrlich—with coarse basophil granulation. 

Small lymphocytes. 

Large lymphocytes. 

Vacuole forms—of Kurloff. 

Transitional forms. 

Large mononuclears. 
In the earlier differential counts we placed the transitionals and 

large mononuclears in one class, but later sometimes separated them to 


see whether we could discover variations in either class‘during pro- 


longed or acute leucocytosis of the oxyphil forms. 
Of these classes perhaps nothing need be said, except with regard to 
the vacuole forms of Prof. Kurloff who worked in Ehrlich’s laboratory 
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on the blood of the guinea-pig”. He states that they are characteristic 
of the blood of the guinea-pig, are without granulation and show 
transitions from large mononuclear to polynuclear forms. They appear 
to contain vacuoles filled with substance secreted by the cell and 
constitute 15—20°/, of the colourless blood corpuscles. 

To show the relative percentage of the various forms we have taken 
the counts of ten guinea-pigs which showed a total average of about 
7,000 leucocytes. The table will serve also to illustrate the variations 
in the differential counts; the eosinophil cells, particularly even in the 
same guinea-pig under the same conditions, vary considerably from day 
to day. 


Transitionals 

4°50 29-00 10°25 52°75 0 2-00 1:50 
10°00 28°25 2°50 52°50 “50 4°75 1°50 
3-00 28°75 1°50 61°50 “25 4°50 
00 21°75 1:00 73°75 *25 2°25 1-00 
12°25 17°25 54°50 7°25 150 
5°25 27°50 1:00 57°25 "25 5°50 3°25 
10°75 22-00 0 60°00 0 3°00 4°25 
7°25 16°25 7°25 63-00 0 1-75 4°50 
4°25 31°50 13°00 46°75 0 3°50 . 1:00 
8°25 15°50 11°75 59°25 0 4-00 1°25 

Average :— 

6°55 23°78 4°90 58°12 18 8°85! 2°78 


We have considered the blood of the guinea-pig after at least twelve 
to fifteen hours hunger to be the normal blood. When digestion is 
going on there is very marked hyper-leucocytosis. For instance, one 
hour after feeding, the blood of guinea-pigs shows an increase in the 
total number of leucocytes amounting to almost 100°/,, while the 
character of the increase is quite different to that of digestion leuco- 
cytosis in man. A series of five guinea-pigs taken one hour after feeding 
shows the following total and differential counts. | 


1 Ledingham in the Lancet, June 1906, since the above was written, says that the 
description of the minute structure of the body given by Kurloff and Burnett holds 
good. On an average they form about 8°/, of the total leucocytes with « variation of 
from 4 to 11°%/,. None are found in animals under 3 weeks old. He thinks the peculiar 
structure suggests the idea of its being a parasite or leucocytozoon of some sort. , 
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Taste V. Total and differential counts of guinea-pig 
taken hour after feeding. 


12,500 4°50 39-50 5-25 48°75 0 1°25 15 
10,400 00 5425 36°75 25 1°75 1:00 
12,600 1900 41-00 “50 26°00 1°00 5°00 6°50 
15,800 725 82°96 14-00 40-00 1°25 8°75 1°00 
15,400 80°75 2°75 52°25 ‘50 400 2°00 
12,780 . 8-70 39°65 4-70 4075 815 2°25 


A glance at this table will serve to show that the total count has 
increased from 6,000 leucocytes to 12,000 in one hour, that the 
eosinophils have undergone little change, that the pseudo-eosinophils 


_ have increased by about 15°/,, that the lymphocytes have decreased by 


about 15°/, and that the other forms have shown hardly any variation. 
The absolute number of all forms, however, has increased. 

This average for the eosinophils is not a fair one since, as we have 
stated before, the number varies: greatly in individuals. When each 


digestion in guinea-pigs. 


10.80a.m. 8,200 425 3150 1800 4675 O 850 200 
11.40 ,, 16400 775 30-75 274 6225 50 400 200 
12.40 p.m. 16,400 3850 58°75 425 3425 800 1°00 
840 ,, 11400 175 5650 2550 1800 0 200 100 
11 am, 6,500 0 21°75 100 7875 +25 276 1-00 
12 «12,600 62% 4875 O 1-5 15 
1 pm. 10,900 800 49-00 0 4800 0 875 1-25 
815 ,, 6,700 150 89-00 2 65400 0 400 1-25 
11 am. 7,300 800 285 150 61:50 450 50 
12 10,400 6500 54°25 100 86-75 
1 pm 8600 800 46-25 975 8750 80 1-295 15 
» 6200 300 372% 675 4850 -75 250 195 
10.45a.m. 9400 450 2900 109 5975 100 160 
12 ,, «685,800 7252S 82375 1400S 40-00 i000 

88°75 175 494675 «6-15 
425 29-765 600 5450 “25 875 1:00 
825-1550 1175 6995 400 295 
875 20-00 15 6650 %5 295 50 
1000 46°50 15 8600 +75 450 1:50 
250 57 6075 400 -% 
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_ hours they again reach approximately the original number, while a few 


higher again. There is no constancy in the number of eosinophils 


marked. 


CARBON MONOXIDE IN BLOOD. ‘8 
daily differential count is considered by itself it is found that: the 
eosinophils at first always show ah increase, followed by a diminution 
so that a new total number is finally attained for that animal. 


A few counts taken at random will serve to illustrate this point. A 
preliminary rise in the eosinophils is almost invariable; in about two 


hours later they are quite below it. Next day the number may be 
present in blood of even the same animal from day to day. 


The-second hour after feeding, although the total count has undergone 
but little alteration, the change in the differential count becomes even 


10,900 2-00 49-00 0 48-00 0 3°75 1-25 
8,600 3-00 48-25 9°75 37°50 “50 1-25 “15 
7,400 10-00 46°50 15 36-00 15 1:50 
9,800 7°75 88°75 175 46°95 15 2-00 2-25 
16,400 3°50 58°75 4°25 84-25 25 3-00 ‘1-00 
10,520 5°25 47-25 8-80 39°50 45 2°90 1-35 


On the whole the relative increase of pseudo-eosinophil cells seems to 
attain its maximum about two hours after feeding and still continues __ 
high several hours afterwards, with a corresponding diminution in the 
lymphocytes. The chemiotactic action due to digesting food therefore is 
to cause a large increase in the relative proportion of the pseudo- 
eosinophils, although the absolute number of all the other forms is 
raised. 


to Rieder® in the digestion leucocytosis of man the 

proportion of lymphocytes to polymorphonuclears practically undergoes 
no alteration, indeed the lymphocytes may be in excess, The eosinophils 
on the other hand show a marked relative reduction. 
Ward® claims that there is a daily increase of about 204), i in the 
number of leucocytes, the count being lowest in the morning and 
highest about 5 p.m., and that there is a diminution in the proportion 
of polymorphonuclear and a corresponding increase of — the 
eosinophils showing but little change. 
This difference between the leucocytosis of digestion in man and 
guinea-pig seems to indicate a difference in the role of the polymorpho- 
nuclear in these two cases. It will be noted that in woes guinea-pig 
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blood the granular forms amount to about 30°/, and the lymphocytes 
to 63, of the total, which numbers are almost reversed in the human 
blood where the oxyphil granular forms are in excess. In both cases 
the leucocyte normally present in greatest number in the blood shows 
the greatest increase during the leucocytosis of digestion. 

Prof. Kurloff working on the guinea-pig in Ehrlich’s laboratory 
has obtained results markedly different from those found by us. For 
instance, in three examples quoted of normal guinea-pigs’ blood he 
obtained 10,700, 12,000 and 15,000 leucocytes, or an average of 12,600 
per cubic millimetre. As the result of very numerous counts taken 
when the guinea-pigs had been kept without food for about fifteen 
hours, we find that the guinea-pig has normally only 6,000 leucocytes 
peremm. Evidently Kurloff did not, as we at first did not, take this 
digestion leucocytosis into account and his differential counts are there- — 
fore not those of normal blood any more than the blood of an animal 
suffering from a toxemia is normal blood. 

Though we have not separated the vacuole forms from the lym- 
phocytes as K urloff has, still if these two classes be grouped together — 
we find that Kurloff’s normal count corresponds quite closely to that 
of our digestion leucocytosis. The average of his pseudo-eosinophils, 
45 °/,, corresponds to our 47 °/,; his average of lymphocytes and vacuole 
forms, 50°/, in all, corresponds to our 46°/,. Kurloff’s normal counts 
therefore are evidently made on guinea-pigs undergoing pseudo-eosinophil 
leucocytosis. The results which he obtained after two years on the blood 
of splenectomised guinea-pigs are the differential counts of unfed animals; 
those which he started out with are the differential counts of animals 
undergoing digestion (pseudo-eosinophil) leucocytosis. 

So too the counts given by Kanthack and Hardy”, were evidently 
made on the blood of guinea-pigs undergoing digestion leucocytosis. 

Carbon monoxide calls forth a leucocytosis in the guinea-pig which 
varies in intensity with the strength of the saturation of the blood with 
this gas. For convenience we may designate this a carboxyphilic leucocy- © 
tosis as indicating the cause producing it and the cells chiefly concerned 
in it, namely those with oxyphilic granulation. The guinea-pigs experi- 
mented upon were kept over night without food and after the first days 
during which several were made daily, the estimations were always 
made in the morning before feeding. When placed in an atmosphere 
of coal gas so that 45°/, of their hemoglobin was saturated with CO 
and the specimens of blood taken at hourly intervals an immediate 
change may be observed. The total count may or may not increase for 
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three or four hours but after that it steadily rises; the differential 
count alters from the beginning. The increase in the oxyphil granular 
cells is particularly noteworthy. The lymphocyte decrease is inversely 
as the increase of the granular forms. None of the other forms seem to 
show any constant variation. Table VIII illustrates the change. , 

It will be noticed that in this case there is an oxyphil leucocytosis. 
The rise in the total number of white cells, however, is not so rapid, 
while the differential change takes place just as quickly. In 12 hours. 
the granular forms have increased from 18°/, to 62°/, while the 
lymphocytes have decreased from 71°/, to 31°/,. There seems to be 
little change in the other forms excepting a perceptible rise in the 
transitionals during the third and fourth hours. 

In Table TX is given the blood history of the second guinea-pig 
placed in the gas chamber at 45 °/, saturation, and kept warm by means 
of a current of warm water constantly circulating beneath the floor of 
the cage. The animal died in three days and appeared from the first 
to be more prostrated than guinea-pigs newly introduced into the gas at 
ordinary room temperature. 

The nature of the change in this guinea-pig is essentially similar to 
that of the previous one. Eosinophilic myelocytes appeared in both 
within three days, showing that there had been a great call on the 
source of supply in the bone marrow. 

A very interesting case for comparison is that of a third guinea-pig 
which was placed in the same atmosphere and showed all the typical 
symptoms up to the fourth day, when it appeared to be dying. (See 
page 89.) 

It is again to be observed that the same features are shown up to 
the fourth day at least ; that on the third day eosinophilic myelocytes are 
present, that on the fourth day nucleated reds appear and increase in 
number from day to day, and that the leucocytosis reaches its maximum 
on the fifth day after which it begins to decrease. The numbers of 
nucleated reds given are those found during the differential countings 
of 400 leucocytes. 


The cause of death of A and © was not due to starvation, for after _ 


observing that they refused to eat in the gas, they were taken out and 
left in the air for a while. They would then begin to eat in a short 
time and after a couple of hours would be returned to the gas. Of 
course normal assimilation would probably not take place under these 
conditions but they should obtain at least enough nourishment from 
the food eaten to support life. 
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To complete this series blood counts are given (Tables XI and XII) 
of two guinea-pigs placed in gas of such strength that they were 
rendered unconscious. After being kept in that state for some time 
they were removed and the blood examined from time to time. 

In. these cases of acute poisoning, that is, when the animals are 
rendered unconscious and kept so for two or three hours, the blood 
picture differs from that of the chronic gas poisoning in two particulars. 
On the one hand the oxyphil leucocytosis is much greater in the acute 
cases, and on the other this oxyphil leucocytosis is in itself of a different 
character. The oxyphil granular forms increase from 23 °/, to 89 °/, in 
_ the second example, while the lymphocytes decrease from 70°/, to 7 °/,. 
The coarsely granular form or eosinophil, about five hours after the 
_ removal of the guinea-pig from the gas, totally disappears for 6 or 7 hours 
and then gradually regains its former number. | 
| It will be remembered that in the tables of chronic poisoning shown, 

the eosinophils increased during the leucocytosis and remained ab- 
normally high till death, or as in the case of the animal which survived 
until the time of writing, two months after it had been put in the gas 
chamber. In digestion leucocytosis there is invariably a rise of the 
eosinophils followed by a diminution so that the final number may be 
subnormal, The eosinophilic increase or decrease therefore seems to 
depend upon certain definite conditions. When there is unusual 
metabolic activity of the body cells, such as occurs after a meal, during 
which extraordinary anabolic and katabolic changes are taking place 
and éxtraordinary quantities of excretory products are forming, we have 
a slight but constant eosinophilia. When the body cells are deprived of 
their usual supply of oxygen and when therefore normal oxidation can- 
not take place we also have an eosinophilia, the extent of which varies. 
directly with the percentage saturation of the hemoglobin, or inversely 
as the supply of oxygen, up to a certain point at least. With a higher 
hemoglobin saturation, or in what we may term acute gas-poisoning, 
we have a total disappearance of the eosinophils; that is, when oxidation 
of the tissues is so interfered with that really an acute toxic condition — 
~ exists, in which we should expect to find an accumulation of the precursors 
of CO, possibly such products as amides and purin bases, and probably 


substancesof- the nature of toxins in the tissues we find a total — 


disappearance of the eosinophils from the blood. 
Fletcher® states that the hastening of rigor mortis and fatigue i in 
muscle from which “en is withheld is due to an increased accumulation, 
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under circumstances of deficient oxidation, of the metabolic products 
within the muscles which are the potential precursors of CO. 

Budgett™ also says that the visible changes of structure shown by 
some protozoa when deprived of oxygen may be exactly reproduced by 
treatment with certain poisons: this indicates that either the poisons 
prevent oxidation or that lack of oxygen produces toxic substances. 

From the results obtained by us it seems quite apparent that lack 
of oxygen does produce auto-intoxication, and that therefore gas-poisoning 
is really due to a toxemia caused by lack of oxygen, the CO itself 
being merely the substance which prevents the oxygen from reaching 
the tissues. 

Eosinophilia seems to be associated with moderate toxemias, such as 
those caused by digestion, deranged metabolism, bacterial infections, or 
direct poisons. On the other hand a severe toxzemia of any description 
tends to cause a complete disappearance of the eosinophils, 

Eosinophilia occurs in bronchial asthma, acute and chronic skin 
diseases, helminthiasis, malignant tumours and post-febrile conditions 
after infection. At the height of most acute infectious diseases the 
eosinophils disappear while abnormally me numbers appear during the 
post-febrile period. 

Now in gas-poisoning none of the extraneous factors which cause 
leucocytosis are present. Food, bacterial toxins or other substances of 
that nature play no part; the CO itself is in every respect a neutral 
gas. We may safely claim, therefore, in such cases, having eliminated 
all other possibilities, that the lack of oxygen means deranged metabolic 
activity, and that excretory products usually eliminated as certain 
definite chemical compounds either must accumulate as some incom- 
pletely formed excretory product, or that abnormal constituents must 
be evolved, both of which act as poisons. Such extraordinary products 
may be nitrogenous and poisonous in nature (like the bacterial toxins) 
and prove positively or negatively chemiotactic to the oxyphil granular 
forms according to the quantity of the poison formed. 

It is known that many, if not all, poisons cause a destruction of 
_ tissue, which destruction means production of poisons from the tissues 
themselves. All of these poisons affect the central nervous system and 
thus produce the abnormal symptoms of poisoning™. We have in 
gas-poisoning at any rate an indication, as evidenced’ by the severe 
leucocytosis and degeneration of the blood produced, that poisoning due — 
to retarded metabolic activity has taken place. When this abnormal 
metabolism is continued for a length of time, especially when the 
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saturation of the blood with CO is high, the effect on the system is 


disastrous, The higher the saturation and the longer the time involved 


the greater will be the damage resulting to the body cells at large, and 
to those of the central nervous system in particular. It is probably for 
this reason that cases of poisoning produced by a rapid saturation of the 
hemoglobin with CO and continued only for a short time recover 
rapidly when by fresh air and artificial respiration the gas is got rid of. 
When the inhalation of the gas has continued for a longer time the 
products of incomplete combustion in the body cells become so large and 
the consequent damage to the tissues so extensive that the disastrous 
effects upon the body prove irreparable, and perhaps several days after 
the gas. has disappeared from the blood the patient will succumb. 
Taking the blood itself—a liquid tissue—as evidence, we see how 
extensive their degeneration may be. 


CHIEF CONCLUSIONS. 


1. Carbon monoxide acts as a poison solely by its ability to prevent 
the normal supply of oxygen from reaching the tissues and thereby 
deranging the normal metabolism of the body cells. 

2. Guinea-pigs living continuously in a dilute carbon monoxide 
atmosphere so that the oxygen carrying capacity of the blood is reduced, 
are able, by increasing the quantity of hemoglobin and number of 
erythrocytes to compensate for this loss and maintain an oxygen carrying 
capacity approximately equivalent to that of the original blood. 

3. Carbon monoxide poisoning is followed by a leucocytosis of the 
eosinophil and pseudo-eosinophil forms. A moderate saturation 
produces a moderate toxemia involving an eosinophilia like nearly all 
moderate toxemias. A high saturation causes a severe toxemia in 
the course of which the eosinophils disappear as in all severe toxemia. 
A high prolonged saturation brings about the appearance of erythroblasts 


and myelocytes, indicating an hyperactivity on the part of the parent 


cells in the bone marrow. 

4. The effect of carbon monoxide in increasing the number of 
erythrocytes in the blood is, in many respects, similar to those of high 
altitudes, in the peripheral circulation at least. 


We wish to express our thanks to Dr A. H. Caulfield for his 
assistance in the preliminary part of the laboratory work, and to 
Dr John A. Amyot for numerous helpful — in forwarding 
this investigation. 
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THE CONDITIONS OF TISSUE RESPIRATION. 

By H. M. VERNON. 

(From the Physiological and Pathological Laboratories, Ouford.) 
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THE experiments carried out in recent years by Locke', Kuliabko*, 
and others upon the isolated mammalian heart show that an organ, if 
perfused with a suitable saline solution, may retain its vitality for days. 
And it is obvious that by analysing the gases in samples of the solution 
before and after its passage through the organ the gaseous metabolism 
can be measured. Such experiments would be troublesome to carry out 
at body temperature, but at room temperature they offer no especial 
difficulty. All the observations to be described in this paper were made 
under these latter conditions. They were made upon the kidney, not 
upon the heart, as they were wanted for comparison with other 
observations upon the rate of disintegration of the nitrogenous 
constituents of excised mammalian kidneys*. Under such conditions 
of temperature and of perfusion, the kidney would probably possess very 

1F, 8. Locke. Centralb. f. Physiol. x1v. p. 670. 1901. 


2 A. Kuliabko. Ibid. xvi. p. 330, and Pfliiger’s Archiv, xcvi. p. 589. 1903. 
Vernon. Zeit. f. aligem. Physiol. v1. 1906. 
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little true secretory activity, hence no attempts were made to study the 
relationship of the tissue respiration to functional power. Sollmann’ 
has shown that there may be a considerable flow of liquid from the 
ureter of kidneys perfused with saline at room temperature, but this is 
probably only a mechanical filtration, as it persists for 30 ——, or more 
after excision. 


Method of experiment. Nearly all the experiments were made with 
the kidney of the rabbit, the organ being removed as soon as possible 
after death of the animal and perfused with oxygenated Ringer's 
solution. At first the outflowing fluid was collected through a cannula 
tied in the renal vein, but owing to the considerable amount of oozing 
which occurs from the kidney surface this method had to be abandoned. 
Instead, the kidney, with a cannula tied into its artery, was allowed to 


lie in a flat-bottomed glass measuring cylinder of 150c.c. capacity, and — 


was covered with a layer of oil 2 to 3cm. in depth. The whole of the 
perfused saline, whether coming from the renal vein or oozing from the 
_ surface, collected under this oil, and was drawn off at one to three hour 


intervals by a small siphon into Nessler tubes under oil, and analysed. 


By taking suitable precautions it is possible to reduce the gaseous 
exchanges between the perfused liquid and the supernatant oil almost 
to nil. In any case the carbonic acid, being fixed in the perfused liquid 
by its loose combination with the calcium salts, is unaffected, but the 
oxygen, if at a greater or less tension than in the oil, undergoes 
diffusion at a rate proportionate to the difference of tensions. The oil 
was saturated with air at atmospheric tension, and hence the amount of 


oxygen in the perfused liquid and the rate of perfusion were as far as 


possible controlled so as to keep the oxygen in the outflowing saline at 
about the same tension (corresponding to about ‘7.c.c, of oxygen per 
100 cc. of saline at 17°C.). Accurate correspondence was seldom 
attained, but it was found that the experimental error was small if the 
oxygen in the outflowing saline was kept between ‘4 and 1-0 cc. °/,. 
The character of the supernatant oil is of great importance. No 
vegetable or animal oils can be used, as they are always undergoing 
rapid auto-oxidation, and consequently their oxygen tension is almost 
nil. For instance, a sample of olive oil when saturated with air at 15°, 
was found (by boiling with airless water in vacuo) to yield 2:62 cc. 
of oxygen per 100 grams. After keeping some of it for 23 hours 
at 18° in a stoppered bottle filled to the brim, it contained only ‘53 cc. 


*Sollmann. Amer. Journ. Physiol. xu, p. 241. 1908. 
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drawn off. The tube was weighed, and then about 50 grams of the 


' Previous to the introduction of the saline, 10 c.c. of 10 °/, sulphuric acid 
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of oxygen, Another sample, which had been heated to 110° for an hour, 
cooled, air-saturated, and then kept for 23 hours at 16°, contained only 
16 c.c. of oxygen. Cod-liver oil showed even more rapid auto-oxidation, 
but the oil finally used, viz. pure rectified petroleum, showed none at all. 
For instance, when freshly air-saturated at 19° it contained 3°18 c.c. of 
oxygen per 100 grams, and after being kept for 21 hours at 15°, 
3°16 c.c. 

Each sample of perfused saline was analysed directly after it was 


saline were drawn up into the vacuous boiling flask of a Geissler’s air 
pump. Almost all of the gas came off in about 5 minutes, but the 
liquid was boiled for 15 to 20 minutes so as to remove every trace of it. 


had been run into the flask and well boiled. Such an initial boiling of 
liquid is essential for the removal of all traces of air from the sides of 
the boiling flask’, and its omission is the explanation of the excess of. 
nitrogen shown in many of the published analyses of blood, saliva, etc. 
The gas so collected was analysed with Haldane’s* gas analysis 
apparatus, and the volumes reduced to 0°C. and 760 mm. © 

The perfusion liquid, saturated with oxygen or air or a mixture of 
the two, was contained in a 1 or 2 litre cylinder, and this was in turn 
connected with another cylinder containing an atmosphere of the same 
composition as that with which the saline had been saturated. To this 
second cylinder was connected the pressure reservoir, and by this system 
the gaseous content of the perfusion liquid was kept unchanged for 24 
or 48 hours. Two analyses of the perfusion liquid were always made, 
and very constant results were obtained. From 40 to 70 grams of liquid 
were analysed each time, but had it been necessary considerably smaller 
samples (10 to 20 grams) could have been analysed with a fair degree of 
| The effect of temperature on tissue respiration. 

Some of the results obtained under normal conditions of perfusion 
with oxygenated Ringer's solution are shown in Fig. 1. The 17°5° 
curve was obtained with a cat’s kidney, and the other curves with 
rabbits’ kidneys.. The ordinates represent c.c. of carbonic acid evolved 
by a kilogram of kidney tissue per hour. From the curves it will be seen 
that whatever the temperature of experiment the gaseous metabolism 


1 Of, Vernon, This Journal, xxx. p. 18. 1895. 
2 Haldane. This Journal, xxu. p. 465. 1898. 


ing 
ty 
aS 
« 
4 
f 
| q 
| 
Og 
z 


56 H. M. VERNON. 


of the kidney always dwindled down rapidly for the first few hours, but 
that from the fifth hour onwards the diminution was very gradual or 
even. wanting entirely. In determining the metabolism at 31°, the 
experiment was made in a room artificially warmed to 29°, and the 
slight excess of temperature was effected by placing a glow lamp about 
‘a foot from the kidney reservoir. At this temperature the CO, discharge ) 
during the first hour’s perfusion amounted to 454 c.c. and the oxygen 

absorption to 546 cc. per hour per kilogram, or to values comparable to 


PER HOUR PER *iLOGRAM 


OF Ci 


TIME IN HOURS 
Mig 1 


those obtained by Barcroft and Brodie’ for the metabolism of kidneys 
under normal conditions in the living animal (dog). Thus in four 
experiments they found the oxygen absorption during the resting stage 
to be respectively 960, 4500, 480, and 900 c.c. per hour per kgm. The 
greater metabolism observed by them may have been entirely the 
result of the higher temperature, for we see that in the present 
experiments the initial CO, discharge at 17:5° to 21° was less than half 
that at 31°. Hence we may conclude that in the early stages of 
perfusion with saline solution the kidney retains its normal respiratory 
Barcroft and Brodie. This Journal, xxxn. p. 18, and xxxmu. p. 52. 
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at 15° to 21°, and for purposes of comparison a mean normal curve was 


error. The metabolism of the kidney at this low temperature was so 
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powers, The cause of the rapid deterioration is unknown, It invariably 
occurred, and the addition of ‘1°/, dextrose to the perfusion liquid did 
nothing to stop it. We see that even in the experiment carried out at 
5° the rate of deterioration was of the same order as that observed 
at other temperatures. As all the kidneys behaved alike this 
deterioration could be discounted and the effects of various conditions 
determined by difference. Most of the experiments were carried out 


constructed by taking means of the values represented by the 17°5° and 
21° curves given in the figure, and of a third series of values—almost 
identical with those of the 17°5° curve—-obtained at a temperature of 20°. 

This mean curve is reproduced in several subsequent diagrams, the 
actual CO, values corresponding to it being: 


3 to 1 hour 210 c.c. 6 to 7 hours 78 cc. 
1 to 2 hours 149 7tos ,, 76 
2to8 ,, 118 8to9 ,, 74 
8to4 ,, 101 9to10,, 72 
45 ,, wee 10 to 11 ,, 70 
56 ,, | 81 11 to 12 ,, 70 


The respiratory quotient. The values obtained for the respiratory 
quotient during the successive periods indicated by the curves in the 


figure were the following: : 
Temperature Respiratory quotients quotient 


81° C. ‘88, ‘80, “81, -79, 81 
a1 ‘97, “80, ‘88, -78, -77 188 
17°5 1-28, -90, *79, “84, “98, “94, -85 
5 ‘19, “69, °78, (-78) 


Those obtained in three other experiments made under normal 
conditions for periods of 7 to 11 hours’ duration were: 


Temperature Respiratory quotients Mean quotient 
29° ©. 90, *84, °86, °78, °78 
-20 *94, °80, *87 
14 94, *89, °85, “89 


We see that in five out of the seven experiments the mean quotient 
varied only from ‘81 to ‘89, and if the first abnormally high value 
obtained in the 17:5° experiment be excluded, its mean drops to ‘87, or 
also within the limit. The low quotients obtained in the experiment at 
5° can be neglected as they are probably due entirely to experimental 
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small that the perfusion liquid used still contained 1°8 to 22 cc. °/, 
of oxygen after its passage through the kidney. It would therefore 
be continually losing oxygen through diffusion into the supernatant 
oil, of the kidney reservoir, and so give too low quotients. We may 
accordingly conclude that the respiratory quotient is unaffected by 
temperature, and that it has a mean value of about ‘85. In every 
experiment, however, as far as one can judge from the somewhat 
irregular values, it underwent some diminution during the course of 
perfusion, and in two experiments (those at 21° and 29°) the diminution 
was regular and somewhat considerable. In the light of other observa- 
-tions to be described subsequently, this result is probably a genuine 
one, and is due to the diminishing vitality of the kidney tissue, the 
result of the abnormal experimental conditions. 


The effect of omygen tension. 


In all the experiments but one referred to above as “normal” the 
oxygenation of the perfusion liquid and the rate of perfusion were such 
that the outflowing liquid contained ‘31 c.c. or more °/, of oxygen. 
Further experiment showed that 3 to -4¢.c. was about the lowest 
amount of oxygen compatible with maximal tissue respiration, and 
that if the outflowing liquid contained less oxygen than this the tissue 
metabolism became abnormally reduced. If the CO, values given in 
the accompanying set of data be compared with those of the “normal” 
curve, it will be seen that they remain throughout at about half their 
amount. The outflowing saline always contained ‘25 c.c. °/, or more 
of oxygen, but so small was the affinity of the kidney tissue for it 
that it was unable to absorb it sufficiently at the reduced tension. 
During the first four hours of perfusion the quotients varied from 1:33 
to 1:10; «.¢. the CO, production was in excess of the oxygen absorption. 
This excess of CO, was probably produced by the tissue drawing upon 
its supply of intramolecular oxygen; but once | ie store was exhausted 
the quotient sank to its normal value. — 


to 1} hours 112 1-33 87 c.c 
1} to 23 ,, 72 112 34 
23 to 51 1:10 “30 
,, 36 “94 -26 
64to9 ,, 44 “89 25 
9 to 114 89 “89 31 
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In the next experiment the affinity of the kidney tissue for oxygen 
was so small that in spite of the outflowing saline containing ‘34 c.c. or 
more of oxygen, the tissue metabolism was a to less than a third 
of its normal amount. 


Tim 
4 to 2} hours 61 2:00 46 6.0. 
,, 85 1-25 39 
4to7 ,, 31 90 34 
7 to 10 ” 20 "87 
10tol ,, 13 88 ‘37 


During the first hour and three-quarters the Q reached a value of 
2°00, in spite of the fact that the outflowing saline still contained °46 c.c. 
of oxygen. During the next period it sank to 1:25, and then it 
remained practically constant for the rest. of the experiment; ¢.e. the 
intramolecular oxygen was presumably exhausted. 

If in the course of an ordinary perfusion experiment with adequate. 
oxygen supply the flow of saline were suddenly diminished, either by 
lowering the pressure or through a spontaneous constriction of the 
blood vessels, it was always found that if the outflowing saline contained 
less than ‘3 cc. of oxygen °/,, the CO, production was abnormally low. 

_ This is well shown in the accompanying data. 


} to 1} hours 221 c.c. “94 47 c.c. 

1} to 2} ,, 121 “93 28 

2} to 33 ,, 100 -88 26 

135, ‘81 44 
5to6 ,, 143 “87 43 
6 to & ,, 98 87 28 

8? to 93 ,, 129 “77 "66 

92 to 11} ,, 112 "87 66 


‘During the three periods of the experiment printed in italics, the 


~ flow of saline was diminished to about half that in the other periods, 


and the oxygen in the outflowing saline was reduced to '26 or ‘28 c.c. 
In consequence the CO, production became lowered by some 30°/,. The 
quotients obtained during these three periods are on an average slightly 
higher than the rest of the values, but they are not affected to anything 
like the extent of those obtained in the two previously quoted experi- 
ments. In several other experiments the same sort of result was obtained, 
so we may conclude that the CO, production is very intimately associated 
with the degree of oxygen absorption, and that immediately this is 
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diminished, the CO, falls off likewise. No doubt the intramolecular 
oxygen is drawn upon to some extent, but the store is only a moderate 
one, and the tissue does not part with it at a sufficient rate to enable 
the full CO, production to be maintained, even for a short time. These 
conclusions are at variance with those of Barcroft and Brodie’, who 
found that in the living animal the excretion of CO, by the kidney by 
no means ran parallel with the oxygen absorption. For instance, 
they obtained quotients of 47, ‘4, 3°0 and 1°0 in four successive 
experiments during the resting stage. Still it seems doubtful if this 
apparent independence of the oxygen and carbonic acid is warranted 
by their experimental data. The blood flow through the kidney is so 
rapid that in these four experiments it was found that the venous blood 
contained 22'3, 1:3, 6°7 and 1:2°/, respectively more CO, than the arterial 
blood. The analyses were made in duplicate, and those of the venous 
blood differed from each other by 4°7, 43, 2°1 and -2°/, in the respective 
experiments. Thus the error of estimation may be larger than the 
difference to be measured, and the respiratory quotient, being a ratio of — 
two values both liable to considerable error, is still more open to fallacy. 
No doubt the gaseous exchanges of an organ might vary very widely 
over the short periods of time (e.g. 5 seconds) during which Barcroft 
and Brodie were collecting their samples, and yet keep nearly constant 
over longer periods of an hour or more such as I have taken: but in the 
light of all the data adduced in this paper this does not seem probable. 
I have found that under all sorts of conditions the respiratory quotient 
almost always keeps at about ‘7 to 1-0, and only exceptionally varies 
beyond these limits. 

As one might expect, the percentage of oxygen in the inflowing 
saline has no influence at all upon the magnitude of the kidney 
metabolism. For instance, in the three already quoted normal 
experiments at 21°, 20°, and 17°5°, which gave very similar respiratory 
values, the saline contained respectively 1°28, 2°68 and 2°93c.c. of 
oxygen °/,. Of course the perfusion rate was varied more or less in 
inverse proportion to the oxygen percentage so as to keep the oxygen 
supply to the tissues nearly constant. | 


‘The estimation of intramolecular oxygen. 


No recent attempts appear to have been made to estimate the actual 
volume of CO, which a tissue can evolve when wee deprived of 


4 
a 
4 
: 
£ 
AS 
7 
va 
é 
& 
om 
4 
& 
¥ 
f 
+ 
BAT. 
> 
° 
4 
t 
w 
om 
ay 
% 
J 
7 
33 


THE CONDITIONS OF TISSUE RESPIRATION. 61 


oxygen, though Pfliiger' found that two frogs weighing 84°6, grs., when 


kept in nitrogen at 14°, gave out 103 oc. of CO, in 5} hours, and 
3°2 cc, more in the next 12 hours. In fact the initial CO, production 
was almost as great as in frogs kept in air, though less than 1 cc. of it 
could have been formed from oxygen present in the tissue fluids. Of 
the remainder, a small part may have been stored up in the tissues, but 
presumably by far the greater part was produced at the expense of 
intramolecular oxygen. i 
In the mammalian kidney I have endeavoured to estimate the 
intramolecular oxygen by measuring the amount of CO, produced on 
perfusion with boiled Ringer’s solution. In three experiments, carried 
out under as far as possible similar conditions at temperatures of 28°, 
20° and 15°, the kidney was first perfused for 14 to 2 hours with 
oxygenated Ringer’s solution, then for 34 or 3} hours with boiled saline, 
and then again for several hours more with oxygenated saline. The 
boiled saline consisted of Ringer’s solution to which had been added a 
slight excess of NaHCO, over and above the ‘01°/, ordinarily used, and 
about 100 c.c. per litre of distilled water. This mixture was boiled 
vigorously in a large flask for half an hour, by which time its‘content 
of salts and CO, had more or less reached that of ordinary Ringer's 
solution, A layer of olive oil 1 cm. in depth was poured on the 
surface, the flask corked up, inverted, and cooled quickly under the tap. 
The saline was driven from the inverted flask by air pressure, as it was 
found that the diffusion of oxygen through the oil and down the column 
of saline was too slow to aerate the outflowing saline in the course of a 
four hours’ perfusion. For instance, in one experiment the saline was 
found to contain ‘04°/, of oxygen at the beginning of the perfusion, and 
‘03°/, an hour after it was stopped: in another, ‘03 c.c. at the beginning, 
and ‘07 c.c. four hours after it was stopped. Even these traces of oxygen 
were probably absorbed from the sides of the collecting cylinder and the 


‘supernatant oil in the minute or two elapsing between the withdrawal 


of a sample, and its introduction into the vacuous flask of the pump. 

The accompanying table shows the results obtained in the experiment 
carried out at 28°. It will be seen that during the first three-quarters 
of an hour of perfusion with boiled saline the kidney excreted CO, at 
about a fourth its previous rate. A small amount of this CQ,, probably 
not more than 7 c.c., was formed at the expense of free oxygen present 
in the saline in the blood and lymph vessels of the kidney at the 
of the perfusion, but the rest of it was 

1 Pfiiiger’s Archiv, x. p. 818. 1875. 
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from the intramolecular oxygen of the tissues. During the next three 
hours the CO, production became four or five times as slow, but the 
amount evolved was still quite appreciable. On resuming perfusion 
with oxygenated saline, the CO, production immediately increased 
eightfold, whilst the oxygen absorption was so much in excess that a Q 
of 58 was obtained, In the next perfusion period the Q rose to “78, or 


CO, per hour 3 

Perfusion liquid Time of perfusion per kilo Quotient 
Oxygenated saline to hour 846 0.0. 96 
1 to 13 hours 292 85 
Boiled saline 1} to 23 ,, 69 
” 24 to 33 9 16 
” to 54 ” 14 
Oxygenated saline 54 to 6} ,, 108 
” 6, to 74 ,, 106 “78 
29 7% to 82 ” 96 


to about the same value as those obtained in the normal experiments at 
the same temperature. It is calculated that during the 33 hours of 
boiled saline perfusion, a kilogram of the kidney tissue would have 
given out roughly about 97 cc. of CO, With a Q of ‘85 this would 
correspond to 114 cc. of oxygen, so it seems probable that the 
intramolecular oxygen amounts to at least 100 cc. per kilogram of 
kidney tissue. Of course it is possible that a considerable amount of — 
this CO, was present in a loosely combined form in the tissues at the 
beginning of the perfusion with the boiled saline, though experiments 
to be subsequently described on the effects of perfusion with dilute 
lactic acid render this view highly improbable. Also there must 
undoubtedly have been some oxygen still present in the tissue at the 
end of the 3% hours’ perfusion, so it is probable that 100 c.c. of 
intramolecular oxygen per kilogram is a minimum value. The amount 
of extra oxygen absorbed by the tissue on resumption of the oxygenated 
saline was apparently only about a third as much as was given out in 
the form of CO, during the boiled saline period, so probably, judging 
from this and from other experiments, the tissue had lost a good deal of 
its power of storing up intramolecular oxygen. 

The CO, discharge in the two other experiments is shown in Fig. 2 
In the experiment at 20°, the CO, during the three successive boiled 
saline periods. fell to 74, 20 and 10 c.c, per hour per kgm. respectively, 
whilst: on resuming the flow of oxygenated saline it shot up again to 
practically a normal value, as can be seen by comparing the curve 
with the dotted line curve which represents the mean normal result. 
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After making the necessary corrections, the intramolecular oxygen 
drawn upon during the boiled saline period worked out at 106 c.c., or 
about the same as before. The subsequent excess of oxygen absorption 
on resumption of the oxygenated saline was somewhat greater than 
before, as a quotient of ‘50 was obtained during the first hour. During 
the next two periods the quotients were ‘78 and ‘74 respectively. 


| 
140 


ec or CO, 


+s 6 
TIME iN HOURS 


Fig. 2. 
. Inthe experiment made at 15° the CO, discharge during the first half- 
hour of boiled saline perfusion showed no falling off from the normal, it 
being at the rate of 143 ¢c.c. per hour per kgm. During the next two 
periods it dropped to 11 and 5 c.c. respectively, or to half that observed 
: in the other two experiments. On resumption of the oxygenated saline 
if the CO, production shot up to 48 ce. per hour, but it did not get so 
& near the normal value as in the previous experiment. In this experi- 
@  __ ment also the saline contained ‘1°/, of dextrose, though probably this 
ie did not influence the CO, discharge one way or the other. The intra- 
4 molecular oxygen worked out at about 98 ¢.c, per kgm., or very much 
| ? the ‘same value as in the other two experiments, The quotients 
a obtained in the two periods preceding the boiled saline were ‘78 and ‘78, 
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VERNON. 
whilst those in the three subsequent: periods were ‘55, 75 and ‘67 — 


respectively. 
The remaining experiment on intramolecular oxygen was made at 


15° with the kidney of a cat. This was first perfused for 1? hours 


with oxygenated saline, and then for 14 hours with boiled saline. 
Oxygenated saline was resumed for 4 hours, and then boiled saline again 
for another 14 hours. During the first 14 hour period it was found that 


CO, corresponding (at a quotient of 85) to about 50 c.c, of intramolecular — 


oxygen was evolved, and during the second period, to about 26 cc. 
Presumably, therefore, the power of storing up oxygen varies considerably 
with the condition of the kidney, and steadily deteriorates in the course 
of a perfusion experiment. In the normal kidney in the living animal 
it is probably greater than that found in any of the above experiments, 


though it is interesting to note that though the three experiments upon _ 


rabbits’ kidneys were made at temperatures varying from 28° to 15°, 
their intramolecular oxygen was nearly constant. No doubt the store of 
oxygen varies greatly in different tissues, muscular tissue perhaps having 
a larger amount than kidney tissue, and nervous tissue less, but 
- supposing that all the tissues of the body averaged the same amount as 
the kidney, it follows that the body of a 70 kgm. man would contain 
over 7 litres of intramolecular oxygen, or as much as is absorbed from 
the lungs in 15 to 20 minutes of normal respiration. : 


The effect of keeping kidneys before perfusion. 


The rapid diminution in gaseous metabolism produced by perfusing 
a kidney with saline solution would lead one to expect a similar 
deterioration in kidneys which had been excised and kept for some 
hours or days before perfusion. But such was by no means the case. 
The respiratory powers of the tissues remain undiminished for many 
hours, and when perfusion is started they have the same initial value as 


in a fresh kidney, and undergo a similar depreciation in value with the 


continuance of perfusion. Thus the upper curve in Fig. 3 was obtained 
with a kidney which had been kept for 24 hours at 18° in a moist 
chamber, and which was then perfused with saline at 20°5°. It will be 
seen that this curve is almost identical with the normal dotted line curve 
obtained with fresh kidneys. The quotients were likewise quite normal, 
they being °84, ‘85, 85, ‘88, ‘80 and -86 in the respective periods 
indicated in the curve. In the next experiment, made with a kidney 
which had been kept for 3 days at 15°, the gaseous metabolism had 
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'™ @©=—-_fallen to about a third the normal value, and in the next, with a kidney 
gy “kept 5 days at 18°, to a sixth the normal. Even a kidney kept for 
9 days at an average temperature of 13° had, on perfusion with saline at 
16°, a tissue metabolism about an eighth the normal, and the Q still 
kept at its usual ratio. Thus the actual values obtained were ‘83, 
72, ‘72, ‘77 and ‘94 in the respective periods indicated in the figure. It 
might be thought that this metabolism was due chiefly or entirely 
to putrefaction, but such was probably not the case. The intact kidney — 
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Fig. 3. 


tissues, filled with blood and lymph, have so great a germicidal 
power that the perfused liquid flowing from the kidney smelt only — 
slightly unpleasant, in fact not so unpleasant as that coming from 
a kidney which had been perfused continuously for 48 hours with saline. 
Also, as will be shown in a subsequent section, quotients considerably 
above unity are obtained when much putrefaction is present. 

‘The fact that when kept in the presence of their own blood and 
lymph the kidney tissues undergo no loss of respiratory power in 
24 hours leads one to hope that by employing a more suitable medium 
for perfusion than oxygenated Ringer’s solution, ope might prevent 
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the rapid deterioration of metabolism. ‘Bat no experiments have as yet 
been made upon this subject. ' 
_ If a kidney remains in good condition for 24 hours at a sec iuiiere 
- of 18°, it would probably remain so for several days at a temperature 
slightly above zero. This point was not tested, but several of the 
observations recorded in this paper were made with kidneys which had 
been kept 24 hours in a refrigerator at a temperature of 0° to 4’, 
and the results so obtained in no way differed from those yielded by 
fresh kidneys. 

The question arises as to the time at which the tissues of these 
kept kidneys passed from life to death. This is a matter upon which it 
would probably be impossible to decide, however much the observations 

were repeated and extended. The kidney kept for one day was certainly 
alive: that kept for three days was probably dead, but kidneys kept for 
intermediate periods would no doubt show intermediate values, and 
so one must conclude, from the evidence given here and in subsequent 
sections, that the passage from life to death is a gradual one, and is 


attended by a still more gradual loss of respiratory power on the part of 
the tissues. 


The effect of exposure to high temperature. 

It has been found by various observers’ that extracts of most 
tissues (e.g. liver, spleen, muscle, nerve) contain a cell globulin co- 
agulating at 45° to 50°, whilst the globulin of the kidney coagulates at 
50° to 55°%. Also it has been shown by Brodie and Richardson’, and 
by the writer‘, that muscle when gradually heated undergoes shortening 
in several: steps, at temperatures which roughly correspond with 
those at which the muscle proteids undergo coagulation. Again 
Halliburton and Mott® have found that if fresh intact brain tissue 
be heated to 42°—47° for various periods, the globulin it contains is 
coagulated just as in saline extracts of the tissue: so presumably | 
exposure of a kidney to a temperature of over 50° would cause some 
proteid coagulation, or would precipitate one of the constituents of the 


protoplasm of the cells, and would thereby destroy the vitality of these 
cells. Would it in consequence lead to a complete abolition of the 


i See Schifer’s Text-Book of Physiology, 1. pp. 85, 87, 96 and 118. . 
* Halliburton. This Journal, xm. p. 810. 1892. 
* Brodie and Richardson. Phil. Trans, cxct. B. p. 121. 1699, 
_ “Vernon. This Journal, xxrv. p. 239. 1899. 


Halliburton and Mott. Archives p. 727, 
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respiratory powers of the tissues? To decidé this question, freshly 
excised kidneys were kept in Ringer’s solution at a temperature of 
47° to 65° for half-an-hour. Care was taken to keep the tem- 
perature as constant as possible, it in no case being allowed. to 
rise above the desired limit, or to fall more than ‘7° below: it. 
At the end of the half-hour the temperature was quickly lowered by 
the gradual addition of cold saline, and the kidney was then perfused 
with oxygenated saline at room temperature in the ordinary way. The 
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Fig. 4. 


results so obtained are shown in Fig. 4. By comparing the upper- — 
most curve against the normal (dotted line) curve we see that exposure 
to a temperature of 47° only slightly lowered the gaseous metabolism. 
In the other experiment at 47° the kidney was kept at the high 
temperature for 14 hours instead of half-an-hour, but in spite of this 
the kidney maintained almost as great a gaseous metabolism during the 
first four hours of its perfusion, The next curve shows that half-an- 
hour’s heating to 50° caused a considerable falling off in the respiratory 
5—2 
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powers of the tissue, the CO, discharge of the perfused organ being 
about half that observed in the kidney kept at 47°, or a third that 
of normal kidneys. A temperature of 53° again reduced it by a half, or 
to about a fifth that of normal kidneys, whilst a temperature of 55° 
reduced it to about a tenth the normal. A further rise of 5° had little 
or no further effect, as can be seen by comparing the 55° and 60° curves. 
At this latter. temperature the series of observations had to be brought 
to au end, as in a kidney previously heated to 65° for half-an-hour 
the constriction of the blood vessels was so great that only three or four 
drops of saline perfused in two hours at maximum pressure (150 cm. of 
water). | 

We see, therefore, that the respiratory powers of the kidney tissue 
persist to some extent at temperatures considerably above that at which 
the cell globulin undergoes coagulation. It follows that this respiratory 
power can still persist after death of the protoplasm, and that it is not 
bound up exclusively, and perhaps not at all, with the globulin which 
coagulates at 50° to 55°, Halliburton’ found that kidney tissue 
contains a second proteid, a nucleo-proteid, which coagulates at 63°, so 
perhaps the respiratory power of the tissue is bound up rather with this 
body. Verworn* supposes that the respiration is effected by certain 
side chains in the biogen molecules which consist of carbohydrate 
groupings of an aldehyde character. But such non-nitrogenous 
groupings must presumably be attached to a proteid framework, and 
must undergo destruction when this framework is broken up by heat 
coagulation. Hence in all probability it would have been found, had the. 
perfusion been possible, that the kidney heated to 65° had entirely lost 
its respiratory powers. | 

The quotients obtained in the above experiments in the respective 
periods indicated in the figure, are given in the table, and we see that 
many of them, especially in the earlier hours of perfusion, approach or 
exceed unity. This result is probably a genuine one, but what it 


geoalviagpong Temp. of perfusion Respiratory quotients 
4 at 47° 21° 1-00, “99, “88 
14 hours at 47° 72 
4 hour at 50° 1°10, 1°02, 90, -79 
4 hour at 53° “91, 81, 91, 
4 hour at 55° “71, 69, 
4 hour at 60° 17° 1°18, 1-37, °44 


1 Halliburton, loc. cit. 
* Verworn. Die Biogenhypothese, p, 38, 1903, 
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implies one cannot say. Not much importance is to be attached to the 
variable quotients obtained with kidneys heated to 55° and 60°, as 

in their case the metabolism was so small that the experimental error — 
was considerably larger than usual. 


The effect of exposure to low temperature. 

It has been generally held that the living substance of tissue 
cells loses its vitality when frozen solid, but the experiments of Pictet! 
seem to negative this view. Thus Pictet found that frogs survived 
exposure to a temperature of — 28°, and snails to one of — 150°C, It 
_was thought to be of interest, however, to make a few observations as to 
the effect of previous freezing on the gaseous metabolism of the kidney. | 
The kidney was placed in a small iron gauze bucket at the bottom 
of a cylinder which dipped in the brine of a refrigerator. In one 
experiment it was kept under these conditions for 24 hours, its 
_ temperature at first being — 8°C. . Next day this temperature had risen 
to — 1", and the kidney was still quite solid. On perfusion at 12° it gave 
the result indicated in the figure. If perfused at 20°, the temperature 


| 


rrozen loar 
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Fig. 5. 


at which the normal curve was obtained, its metabolism would no doubt 
have been larger, but in any case it was fairly considerable. Thus 
in the initial perfusion period it was nearly half the normal amount. 
The quotients obtained were 1:10, ‘60, 1:01 and ‘96. In the next 
experiment the kidney was placed in the cylinder in the brine for three 
days. During this period it was frozen and thawed again three times, 
its temperature varying from about — 8° to + 3° during each 24 hours. 


1 Pictet. Rev. Scient. 111. p. 577. 1898. See also Verworn, General Physiology, 
English Ed. p. 289. 1899. 
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In spite of this rough treatment, it retained a larger gaseous metabolism 
than the previous kidney, though the temperature of perfusion, viz. 21°, 
no doubt accounted for a part of the enhanced value. The quotients 
obtained were ‘82, ‘81, ‘86, ‘83 and ‘82, or were perfectly normal. — 


The effect of hydrocyanic acid. 

The action of hydrocyanic acid upon the respiratory exchange of 
mammals has been studied very fully by Geppert’. Geppert found 
that the oxygen absorbed by the animal was much diminished, even 
during the powerful convulsions produced by the poison. Apparently 
the tissues to a considerable extent lost their power of binding the 
oxygen brought to them by the blood, though they recovered it after 
a time if a lethal dose of the poison had not been given. With 
Geppert’s conclusions my experiments on the isolated kidney are in 
complete agreement. I.was not able to estimate the gaseous metabolism 
during the actual exposure of the tissues to the poison, as the presence 
of HCN vapour upsets the gas analysis, but the method of experiment 


was as follows. The kidney was perfused for 15. to 30 minutes with 


oxygenated salt solution (‘9°/, NaCl containing 024°/, of CaCl, and 
048 °/, of KCl, but no NaHCO,), and then for 30 minutes with saline 
containing ‘1 to ‘2°/, of free HCN. In the various experiments from 35 
to 50 cc. of the dilute acid were run through in the half-hour. 
Perfusion with oxygenated saline was then resumed, and after it had 
continued for 20 minutes the saline was collected under petroleum and 
analysed every hour or two in the usual manner. It was hoped that all 
the HCN would be washed out of the tissues in the initial 20 minutes’ 
perfusion, but the gas analyses showed that this was not the case. The 
CO, values were to some extent affected by the presence of traces 
of HCN vapour, but the oxygen values are quite reliable, so they 
are reproduced in the figure. The values for the normal curve have 


_ been divided by ‘85 so as to render them comparable. Five experiments 


were made, and we see that in every one of them the oxygen absorption 
power of the tissues was at d minimum at the beginning of the 
perfusion, and that it gradually increased. with the continuance of the 
perfusion. In three out of the five experiments the actual maximum 
was observed during the last perfusion period, and a mean of the whole 
of the experiments shows a perfectly even rise throughout, as can 
be seen from the dotted line curve. Compared with the curve obtained 


1Geppert. Zeit. f. klin. Med. xv. p. 398. 
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_ with normal kidneys, the difference ‘is very striking. As regards the 
_ individual experiments, we see that with one exception the oxygen. 
absorption power varied in inverse proportion to the concentration of 
_ the HCN employed. In only one experiment, that with ‘1*/, HON, did 


of CO, HOUR PER KILOGRAM 


“TIME IN HOURS 
the oxygen absorption power recover its normal value, but this is 
scarcely to be wondered at, considering the great concentration of the 
acid perfused. Thus Geppert obtained his results by subcutaneously 
injecting 1 c.c. of ‘1°/, HCN per kilogram body weight, or one to two 


of HCN perfusion Respiratory quotients 
17 191, 1°95, 1°35, -92, 1°06 
1-85, 1°42, 1-01, -88, 85 
.1°79, 1°08, “91, °88 
17° 1:09, 1-03, 81, °87 


The quotients obtained are recorded in the table, and it will be seen 
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that in every experiment the values arrived at during the first two 
or three periods are above unity. These abnormalities are undoubtedly 
due in part, and probably in entirety, to errors of analysis. It was not 
realised till the experiments were nearly completed that the HCN was 
retained by the tissues and only gradually allowed to break away, and 
that this HCN, distilling over in the vacuum pump as vapour and being 
absorbed by the potash of the gas analysis apparatus, would rank as CO,,. 
Yet such was undoubtedly the case, for the volume of gas showed 
a distinct diminution if allowed to remain in the eudiometer tube of the 
gas analysis apparatus for a few minutes, owing to the absorption of the 
HON by the moisture on the sides of the tube. We find accordingly 


that the greater the percentage of HCN previously perfused through — 


the kidney, the more abnormal are the quotients, and the longer do the 
abnormal values persist. Probably, if the analyses had been corrected 
for HCN, the quotients would have been found to retain their normal 
ratio throughout. The HCN seems to have no direct action whatever 


upon the CO,-producing mechanism of the tissues, but it paralyses the — 


oxygen absorption mechanism in direct proportion to the amount 
of it bound up in the tissues, and as it gradually breaks away from these 
tissues, or is destroyed by them, their oxygen absorption power returns. 
If this deduction is correct, then the fact that in the above experiments 
the oxygen absorption power was still increasing slightly after 12° hours’ 


perfusion, would show that traces of HCN were retained by the tissues 


to the end. 
The effect of lactic acid. 

It was shown by Fletcher' that the application of a ‘05 °/, lactic 
acid solution to frog’s muscle caused its CO, output to increase by 60°/,, 
whilst 5°/, acid caused a fivefold increase. In the case of kidney 
tissue, however, so far from producing an increase, it led to a rapid 
diminution both of the CO, discharge and the oxygen absorption. The 
method of experiment consisted in perfusing the kidney for 1} hours 


with oxygenated saline (containing CaCl, and KCl but no N aHCoO,), and 
then substituting saline containing lactic acid for the next 11 hours. 


In one experiment the kidney gave off 125 cc. of CO, per hour. 


per kgm. in the } to 1} hour period of perfusion with ordinary saline ; 
and during the next hour, when saline containing *1°/, lactic acid 
was substituted, this CO, fell to 79 cc. In subsequent hours the 
diminution of the tissue respiration was much more rapid still, as can be 


1 Fletcher. This Journal, xxi. p. 55. 1898. 
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seen from the upper of the “*10°/,” curves given in the figure. In the 
second experiment, made under similar conditions, the kidney gave off 
CO, at the rate of 147 cc. per hour during the } to 1} hour period of 
perfusion with ordinary saline, and 80 cc. during the next hour when 
saline containing ‘2 °/, lactic acid was substituted. Subsequent to this 
the CO, discharge fell off more rapidly than in the previous experiment, 
till after 9 hours’ perfusion it dropped to ‘6 cc. per hour. 
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In three other experiments the kidney was perfused with ordinary 
saline for only 15 to 30 minutes, and then with saline containing ‘06 to 


15°, of lactic acid. The acid saline collected during the next half | 


hour or so was not analysed, but the results of the subsequent analyses 

are given in the figure. It will be seen that in every case the CO, 

discharge rapidly deteriorated, though it never stopped altogether. 

- Thus during the 9 to 12 hour period it varied from 42 to 70 cc. per 

hour per kgm. On the whole, it was found that the larger the percentage 

of acid the more marked was the diminution of tissue respiration, but 
the results are by no means regular. 


The quotients obtained are given in the table. They are somewhat 


variable, and their interpretation is difficult. In the first two experiments 


Concentration of Temperature 
lactic acid of perfusion 


Respiratory quotients 
“10 15° (94), °81, °49, 
17° (95), *74 
16° 1-05, 1°08, 85, *68, °46 
{0 1-08, 1°00, -78, *65, 
15 15° 1-39, 1°41, -94, 1-00 
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recorded, the values obtained with ordinary saline are put in brackets, 
and it will be seen that on substituting acid saline the quotient in each 
case diminished immediately, and in the. first experiment dropped 
gradually to the extremely low value of ‘37. In the second experiment 
it apparently dropped still lower, but the values obtained are not 
reliable as the oxygen tension of the outflowing saline was too 
high, so they are omitted. In the next two experiments the Q was 
distinctly above the normal during the first few hours of acid perfusion, 
but then it diminished so rapidly that it finally sank to 46 and “44 
respectively. In the last experiment there was likewise a fair diminu- 
tion, but the values were abnormally high throughout the perfusion. 
Taking the experiments as a whole, therefore, it seems probable that 
the quotient may be somewhat higher than the normal during the early 
periods of lactic acid perfusion, while it is certainly very much lower 
than the normal during the later hours. The high quotients may 
perhaps be due to the lactic acid exerting a destructive action upon the 
oxygen-storing power of the tissues, and so rendering available a supply 
of oxygen which can temporarily replace some of that derived from 
external sources. The low quotients may be dueto the acid having a 
greater destructive action upon the CO,-producing mechanism of the 
tissues than upon its oxygen absorbing power. As will be shown in the 
next section, a similar differential action was produced by the action of 
ammonia upon the tissues, and we saw also that even kidneys. perfused 
with normal saline solution gave gradually diminishing quotients, In a 
fact it seems probable that whenever a tissue is subjected to deficient ; 
; 


aeration or to otherwise abnormal conditions, the CO, production tends . 
to fall off more rapidly than the oxygen absorption. Thus v. Frey? found a 
that when an isolated muscle of the dog was perfused artificially with 
blood, and was made to contract, there was an increase of 7 to 43°/, in 
the output of CO,, but a larger increase ix the absorption of oxygen ; 
t.¢. the quotient became lowered during contraction. Again, Barcroft 
and Brodie? found that the oxygen absorption of the kidney was more 
than doubled during the activity provoked by the injection of sodium 3 
sulphate or urea into the animal, but that there was by no means _ i 
a corresponding increase in the CO, production. In that they injected : 


sth 
ging, 


75 grs. of urea, or this amount of urea together with 5 grs. of sodium 
sulphate into 7 to 10 kgm. dogs, the kidneys could scarcely have been | 


1 y, Frey and Gruber. Arch. f. Anat. u. Phys. (Phys.) p. 519, 1885; and v. 
hys. (Phys.) p. 519, dbs v. Frey, 


Loe, cit, 
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under normal conditions. Moreover the arterial blood passing to the 
organ contained 9 to 41 °/, less oxygen than during the previous resting 
stage. Again Fletcher’ has shown that in excised frogs’ muscles, 
kept in air, the oxidation processes of the tissues are incomplete. Such 
muscles, when made to contract, show little or no increase in their 
output of CO,, but if they are kept in the presence of an abundant 
supply of oxygen, they yield an increased output of CO, directly related 
to the degree of muscular activity. As is suggested by other of the 
observations of v. Frey and of Fletcher, the formation of CO, in the 
tissues is probably a complex act, taking place in several stages; and 
whenever the conditions of oxidation are deficient, or the vitality of the — 
tissue is diminished’ by abnormal circumstances, it tends to stop short of 
completion. ‘ 

To return for a moment to the lactic acid observations, it is 
probable that the low quotients are somewhat affected by an unavoid-- 
able experimental error. The CO, extracted from the tissues by the 
acid saline is kept by the lactic acid in a free state, and is not fixed to 
the calcium salts as under ordinary conditions. Consequently it tends 
to diffuse away slowly into the supernatant petroleum of the kidney 
reservoir, and so reduce the quotients. Still, judging from the fact that 
the quotients obtained in the early hours of lactic acid perfusion were 


nearly normal, and judging also from a few control experiments, the 


error introduced in this way could not have been large. 


The effect of ammonia. 


The action of free ammonia upon the kidney tissues is a striking one. 
In order to study it, the kidney was first perfused with saline solution 
for 15 minutes, and then for the rest of the experiment with oxygenated 
saline containing 025 to °005°/, of ammonia (1 in 4000 to 1 in 20,000). 
In order not to fix the ammonia in any way, no sodium bicarbonate was 
added to the saline. The results obtained in five experiments are 
shown in the figure. In each case the perfused saline was changed 
after 14, 34, and 5 hours from the beginning of the experiment, so for 
the sake of clearness the curve for each concentration of ammonia is 
advanced a short distance on those obtained with higher concentrations. 
It will be seen that the ammonia caused a rapid falling off in the CO, 
production: of the tissues, even ‘005°/, reducing it to about a third the 
normal value. Roughly speaking the effect produced varied with the 


Pletcher. This Journal, XXVIII. p. 1902 ; and p. 10. 1898. 
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strength of the ammonia used, though the results are not very con- 
sistent. A more interesting action of the ammonia was that upon the 


quotients. As can be seen from the data in the table, these quotients 
| Respiratory quotients 
15° 77, “68, “68, 
020 63, “58, “64, “64, (45), ('16) 
015 15° “71, “54, 46, 44, 49 
010 14° “63, 36 
005 14° “86, “72, 69, "65, (°58), (°41) 


PER 


c.c or CO, za nour 


6 8 12 
TIME IN HOURS 


Fig. 8. 


steadily declined with the continuance of perfusion till they finally an 
became reduced to 49— 86. Roughly speaking, the more concen- | | 
trated the ammonia the more rapid the diminution of the quotients, _ ; 
and with 015°/, or more of ammonia they were subnormal from the 
beginning. In the case of the lactic acid experiments it was admitted 
that the low quotients might be due to a slight extent to experimental 
error, but as far as I can judge there is nothing to impair the accuracy 
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of the present results. It might be thought that the free alkali acted 
| merely by fixing the CO, in the tissues, either by directly combining 
j with it, or by combining with lactic or other acids which are formed in 
_ the tissues and which are required for the setting free of the CO,. But 
= such is not the case. In two experiments (those with 005 and 020°/, 
, NH,) the kidney was perfused for the first 8 hours with the ammonia 
\; saline, and then with saline containing °1 */; lactic acid, As can be seen 
from the dotted line portions of the corresponding curves in the figure, 
this acidification of the tissues led to no increase whatever in the output 
of CO,. If anything it provoked a more rapid diminution. Also, as 
can be seen in the above table from the values enclosed in brackets, it 
caused no rise in the quotient. The final quotient obtained in the 02°/, 
NH, experiment is probably too low, for the respiration was so small 
that the chance of error was increased. 

Attempts were made to repeat these observations with another 
alkali, viz. caustic soda, but in vain. A ‘005°/, solution produced 
such marked vaso-constriction that after a few minutes the perfusion 
entirely ceased, whilst with a 003 °/, solution it was so slow and inter- 
mittent that it was impossible to analyse the saline. With a 001 °/, 
solution the saline perfused fairly well at maximum pressure, and 
the tissue respiration was estimated in the usual way. At such 
a dilution, however, the alkali appeared to have no effect’ whatever, 
either upon the —" of the CO, re or upon the 
quotient. 


The effect of sodium ee 

Sodium fluoride is considered to be a general protoplasmic poison, 

and hence it seemed of interest to investigate its action upon the 

respiratory powers of a living tissue. This was done by perfusing 

a kidney for 2 to 5 hours with oxygenated Ringer's solution, and then 

with 1 or 2°/, NaF saturated with oxygen. The results obtained in two 

such experiments are shown in the figure. In the first experiment, on _ 

(’ a cat's kidney, perfusion with Ringer’s solution was continued for 
b 5 hours at 15°, and the CO, output was somewhat lower than that shown 
4 by the normal curve. 1°/, NaF was then perfused at a rapid 
7 rate for half-an-hour, and subsequently was collected and analysed, 
¢ It will be seen from the figure that the production of CO, was 
fairly considerable during the first three hours of NaF’ perfusion, 
| but that then it fell away rapidly. Nevertheless it still persisted 
to some extent for the next 24 days, as can be gathered from the data 
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given in the table, which show the CO, production in the periods 

indicated approximately in the first column. In the second experiment, — 
&¢§ after 2} hours’ perfusion with oxygenated saline at 16°, 2°/) NaF’ was 
 gubstituted. As one would naturally expect, the tissue respiration 


200} 4 


HOUR PER KILOGRAM 


cc. C0 


Fig. 9. - 
showed a much more considerable diminution than that induced by 1 °/, 
NaF. From the 24th hour of perfusion onwards the 2°/, NaF was 
replaced by 1°/, NaF, and then the tissue respiration dwindled more 
slowly than in the previous experiment. | 


CO, output per hour per kgm. with 
“1% NaF 2 or 1% NaF 1% 
9 to 12 hours Wlec. 5°8 ¢.c. 5°9.c.c. "85 
to 24 ,, 2-2 2-9 2-9 91 
241036 ,, 1-7 20 95 
86 to 48 ,, 1:2 1-9 
48 to 60 ,, 1-2 18 
60 to 72 ,, 16 


was made with arsenious acid. The potassium arsenite solution formed 
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by dissolving As,O, and K,CO, together in water could not be used 
because of the CO, it contained: nor could that formed by dissolving 
As,O, in the amount of KOH theoretically necessary for the production 
of KAsO,. HAsO,, because of its strong alkalinity. However, it was 
found that if one part of As,O, were boiled with 100 parts of Ringer’s 
solution it practically all dissolved, and was not desposited on cooling, so 
this solution, slightly oxygenated, was used for perfusion. Saline at 18° 
was circulated through the kidney for the first 5} hours, the CO, 
production being nearly normal. The 1 °/, As,O, solution had about the 
same effect on the CO, output as 1°/, NaF. The Q was practically 
normal throughout, it being ‘93 during the ordinary saline period, and “92, 
1:00 and ‘93 respectively during the first three As,O, periods. The 
values obtained during the remaining periods are given in the table. 


_ They are normal, but no great stress is to be laid on them, as the 


respiration was too small to admit of accuracy. The quotients obtained 
in the NaF experiments are not reliable, as in their case the outflowing 


‘saline was too highly oxygenated. 


The action of sodium fluoride in destroying the vitality of living 
organisms such as bacteria, but in permitting a small amount of tissue 
respiration, is well shown by one or two experiments made upon 
respiration during putrefaction. The accompanying data show the CO, 
discharge of a kidney which was perfused continuously with oxygenated 
Ringer's solution (containing ‘15 °/, dextrose) for 4 days, at about 14”. 


Time of hour Time of CO, per hour 
per 


per kgm. Quotient perfusion . per kgm. Quotient 

14 to 24 hours 9°83 ¢.c. “81 77 to 85 hours | 42 «.c. 2°36 
24t036 ,, 95 “89 8t0o97 ,, 44 3-90 
36 to 48 ,, 92 97 t0 99 138 1-86 
48 to 54 ,, 22 

54 to 60 ,, 28 1-01 101 to 109 ,, 2°7 1-00 
60 to 72 ,, 21 1°52 {18 10 
72077 ,, 58 1°37 120 to 180 ,, 8 69 


It will be seen that from the 48th hour of perfusion onwards the CO, 
discharge rapidly increased, till between the 97th and 99th hours it was 
almost as great as in freshly excised kidneys. 1°/, NaF was then 
substituted for the Ringer’s solution, and 217 c.c. of it were perfused 
during the next 24 hours. Then slow perfusion with it was resumed, 
and it will be seen that the tissue respiration during the next 29 hours 
was of about the same magnitude as that observed in the later stages of 
the other NaF experiments. The quotients are instructive, for it will 
be seen that from the 54th hour onwards to: the 99th hour they were 
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invariably above unity, and in one period a value of 39 was reached. 
They are extremely variable owing to the variations in the rate of 
perfusion, and so of aeration, of the kidney. An automatic system for 
perfusing the saline through the kidney at a nearly even rate was 
arranged, but the size of the apparatus did not admit of more than 100 
to 120c.c. of saline being perfused during the 12 hour night periods. 
This amount did not afford a sufficient supply of oxygen for the tissues, 
and the outflowing saline contained only 05 to ‘07°/, of oxygen. A 
normal kidney, when deprived of sufficient oxygen in this way, would 
simply lower its CO, discharge to a nearly corresponding amount, and 
would yield a quotient little if at all above unity. The bacteria of 
putrefaction, on the other hand, continue to produce CO, in spite of 
defect of oxygen, though at a diminished rate, and so give quotients as 
high as 3'9. 


| The effect of tissue disintegration. 

It has been shown elsewhere’ that the tissues of kidneys perfused 
with saline solution may undergo sudden disintegration, and yield up 
proteid and nitrogenous non-proteid constituents to the perfusing liquid — 
in considerable quantity. It was of interest, therefore, to determine the 
effect of such disintegration upon the respiratory powers of the tissues. 
In every experiment the proteid content of the perfused saline was 
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1 Vernon. Zeit, f. allgem. Physiol. v1, 1906. 
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quantitatively determined by a method dependent on the biuret test, 
and so it was always known if any tissue disintegration were occurring 
or not. Even when there was no disintegration there was always 
a small and diminishing amount of proteid removed from the tissues 
_ which represented—in all probability—some of the blood and lymph 
proteid which was retained in loose combination with the tissues, 
This proteid is roughly constant in amount, and any considerable 
excess over and above it was taken to represent tissue proteid. 
Some of the most striking results were obtained in the experiments 
carried out at 28° to 31°, and two of them are represented in Fig. 10, 
In the experiment in which the kidney was perfused with oxygenated 
saline at 31°, we see that the proteid removed from the tissues 
diminished somewhat for the first 2 hours, and then it suddenly 
increased to over 6 grams per hour per kgm. for the next 2} hours. 
Practically the whole of this proteid must have been derived from 
tissue disintegration, as can be seen by comparing the curve against the 
dotted line curve at the bottom of the figure, which represents the 
average amount washed out of the tissues in the absence of disintegration. 
Arguing from the data given in the paper above mentioned, it is 
calculated that during the 93 hours over which the perfusion was 
continued, over 17 %/, of the total proteid constituents of the tissues was 
removed, and yet, as we saw at the beginning of this paper, the tissue 
respiration remained at its normal value; i.e. it did not show any 
greater proportional rate of diminution than in the experiments carried 
out at 20° to 5°, in which practically no disintegration occurred. In the 
aforementioned paper it was shown that when rabbits’ kidneys were 
continuously perfused under all sorts of conditions for 6 to 30 days, from 
30 to 60°/, of the total solids of the tissues, all of them consisting of 
proteid or proteid decomposition products, passed into solution. So in 
the experiment at present under discussion we may say that about 
a third of the total proteid capable of breaking away from the tissue 
framework did break away without appreciably influencing the gaseous 
metabolism. Such a result. seems to indicate that not only are the 
particular side chains of the biogen molecules which are concerned in 
tissue respiration of a non-nitrogenous character, as Verworn supposes, 
but that they have no connection with the unstable nitrogenous 
groupings which break away 80 readily from disintegrating kidney 
tissues. Presumably they are attached to the stable framework which 
still remains unbroken after many days of perfusion. 
In the shorter perfusion experiment carried out at 29°, 10 °/, of the . 
PH. XXXvV. 6 
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tissue proteid disintegrated. This proteid gradually increased through- 
out’ the experiment, till at the end of the sixth hour, when the perfusion 
was stopped, it reached 42grs. per hour. In spite of: this the CO, 
production was nearly as great as at the beginning of the perfusion 
(297-c.c. per hour as against 323cc.). | 
The most marked disintegration of all was produced by perfusing-a 
kidney at a temperature of 28°, first with oxygenated saline, then with 
boiled. saline, and then with oxygenated saline again, The curve 
- obtained is given in the figure, and we see that in the 24 to 3§ hour 
period 11-2 grs. of proteid per hour were washed out, whilst in the. whole 
8% hours: for which the experiment lasted 22°/, of the total proteid 
- eonstituents of the kidney broke away. The CO, discharge of this 
kidney, on resuniption of perfusion with oxygenated saline, was certainly 
below the normal (3.¢. 108 c.c. per hour), but this may not have been due 
Ta most of the perfusion experiments carried out::under normal 
conditions at 21° or under, there was little or no tissue:disintegration : 
but in the normal experiment at 21° (recorded in Fig::1) about 9°/, 
of the total proteid of the tissues broke away in the 11: hours for which 
the kidney was perfused. Nevertheless the tissue respiration was 
distinctly greater than in the normal experiments carried out at 20° and 


17°5°, in which there was little or. no disintegration. - Again, in the — 


experiment recorded in the third section of the paper, in which the 
aeration was purposely diminished for two 14 hour periods in the course 
of perfusion, it was found that 14°/, of the total proteid of the tissues 


broke away, and yet the kidney retained a quite abnormally high . 


gaseous metabolism right to the end of the experiment. . 
Of the perfusions carried out under abnormal conditions, by far the 
most striking were those with saline containing ammonia. The curves 
of proteid disintegration then ‘obtained are given in Fig. 11, and from 
them we see that 15 minutes after perfusion with ‘025 °/, ammonia had 
begun, the tissue proteid was breaking away at. the rate of 18 -grs.. per 
hour. In the later stages of perfusion the rate of disintegration rapidly 
but regularly diminished, and during the whole. 12} hours-for which the 
experiment lasted it was found that $5 °/, of the total ‘issue proteid 
_ broke away, or'almost.as- much as:was removed: in 6.to 30 ‘days under 
various conditions of continuous perfusion. With lesser percentages of 
ammonia the rate of disintegration was never quite so marked. tior did ‘the 


maximum rate generally ensue so early, but the total amount of proteid 
removed from ‘the kidney by the end of the perfusion was nearly! the 
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same in every ease. Thus the actual amounts of proteid rémoved by: 
saline containing ‘020, 015, ‘010 and 005 */, of ammonia worked out a¢-33;. 
33, 32 and 29 */, respectively. By referring back to Fig, 8, it will be 
seen that the kidney tissue still retained a moderate gaseous metabolism, 
in spite of the rapid disintegration it was undergoing” = pee. 


34 
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. “Of-the other experiments, it was found that in only one of the hydro-. 
cyanic acid perfusions (viz. that’ with ‘15 °/, HON) was there any: 
appreciable tissue disintegration, and then it was somewhat considerable 

as 10 °/, of the tissue proteid broke away. In three of the lactie acid. 
experments it was entirely wanting,’ but in two.of them it ‘was: 
considerable; ‘Thus with -2°/, of acid it amounted to 17 °/, in the: course: 
of the twelve hours’ perfision, and with ‘1 %/, acid (in the experiment; 
which gave the larger CO, production) to'10°/,. In thé kidneys kept 5 
and 9 days before perfusion it amounted to 21 and 10 °/, respectively, 
whilst. im ithe kidneys frozen for: 1 and for 3 days before perfusion it. 
amounted to 9 and 8*/, respectively. In the ease of the kidneys heated 
for half-an-hour to 47° to 60° the proteid washed out on perfusion in: 
most cases amounted to about double that from normal non-disintegrat- 
ing::kidneys. -. Assuming that the blood and lymph proteid was washed. 
out'as usnal-(which could. not have been the case in the kidney heated 
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_ Rabbits’ kidneys were found to contain on an average 92°24 °/, of solids, and these solids 


VERNON. 
to 60°), the extra proteid arising from disintegration amounted to 
about 3°/,. | 


The way in which the proteid disintegration was calculated may be briefly indicated. 


contained 12-0 %, of nitrogen; so fresh kidneys would contain about 167 gra. of proteid 
(or nitrogen caloulated as proteid) per kgm. On perfusion it was found that on an 
average 14-5 grs. of blood and lymph proteid were washed out during the first hour, and 
2-0 grs. in the next 11 hours. Also non-proteid nitrogenous bodies were washed out 


- which, calculated as proteid, came to 9°6 gre. in the 12 hours. The true tissue proteid — 


would therefore amount to 141 grs. per kgm. In all experiments the saline perfusing 
during the first 15 minutes was rejected, as the hemoglobin in it rendered accurate 
colorimetric estimation impossible. The blood and lymph proteid removed subsequent 
to this period amounted to 8-0 grs. on an average, and supposing that during the course of 
a perfusion it had been found that 31-0 grs. of proteid had passed into solution altogether, 
then 28 grs. of it would be true tissue proteid. Now it was always found that when the 


_ kidney tissue disintegrated, a certain (often considerable) amount of the proteid broke 


away in a hydrolysed (non-biuret-test-yielding) form, so to correct for this all the proteid 
values obtained were increased by 10°/,. In this particular experiment, therefore, it is 


supposed that 30°8 grs. of proteid or proteid decomposition products were washed out by 


the saline, or roughly speaking 22%, of the whole. 


General conclusions. 


Accurate knowledge concerning the intimate chemical nature of the 
processes occurring when a tissue takes up oxygen and gives out 
carbonic acid is at present entirely wanting, but a few speculations as 
to the bearing of the above described experimental results upon the 
problem are permissible. In the first place these results seem to afford 
considerable support to Verworn’s hypothesis that the oxidation 
processes of the tissues are effected by non-nitrogenous side chains of 


_ the biogen molecules. We saw that the tissues could lose 17 °/, or more 


of their proteid constituents. without any appreciable loss of their 


respiratory power, and also that the larger part of these proteid 
constituents could be coagulated by heating the kidney to 55°—60° 


and yet admit of the tissues retaining a tenth of their normal gaseous 


metabolism. It seems possible, therefore, that not only are the 


oxidation processes of the tissues carried out by non-nitrogenous: 


groupings, but that these groupings are not even in chemical com- 


bination with proteid structures, They appear to be bound to the 


nucleoproteid constituents of the biogen molecules, i¢. to constituents 
which are not coagulated at 60°, and which probably are not 80 loosely 
fixed in the tissue framework as to break away readily when the kidney 
is perfused under abnormal conditions, Still there is no direct evidence 
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; upon this point at present. As to the chemical structure of these 
# non-nitrogenous groupings, we may provisionally accept Verworn’s 
a4 hypothesis that they are of a carbohydrate nature, and contain aldehyde 
"4 groupings. © Loew' has long since supposed that living substance owes 
| its distinctive properties to the presence of aldehyde and amido-groups, 
for he points out that all substances which act easily upon these groups 
—e.g. hydroxylamin, phenyl-hydrazin and hydrocyanic acid on aldehyde 
groups, and nitrous acid and formaldehyde upon amido-groups—are also 
extremely active protoplasmic poisons. The evidence adduced in this 
paper concerning the action of HCN clearly supports the view that 
oxygen, when absorbed by a living tissue, becomes bound up to aldehyde 
groupings. Presumably it does this by temporarily oxidising them to 
—COOH groupings. Thus we know that aldehydes readily unite with 
HCN to form —CH(CN)OH groupings, and it is obvious that as long as 
the “HCN is retained by them, they would lose their oxygen-binding 
power; t¢. hypothesis would in this respect be closely supported by 
experimental fact. The production of CO, by the tissues is supposed by 
Verworn to be brought about by the transference of intramolecular 
| oxygen (which he supposes to be bound up, not in aldehyde groupings, 
but to a benzene ring in the form of nitrogen dioxide) to the 
: aldehyde groupings of the carbohydrate-like side chains. Of course this 
may be the case, but one has to bear in mind that all the evidence 
seems to indicate that the formation of carbonic acid is a complex act 
taking place in more than one stage, and capable, moreover, of stopping 
short of the final stage. Perhaps the oxygen first oxidises aldehyde 
groupings to - COOH groupings, these - COOH groupings then having 
the power, either of. ‘splitting off from the tissues in the form of lactic — 
and other acids, or under more favourable conditions of oxidation, of 
being converted into CO, and H,O. Thus, as has been pointed out by 
Fletcher, we know that conditions of deficient aeration tend to prevent 
the completion of the final stage. The still more marked results in this 
: ’ direction produced by perfusion of the kidney with dilute ammonia or 
: lactic acid can scarcely be due to lack of aeration, so these poisons must 
injure the CO,-producing mechanism in some other way. Possibly the 
ammonia acts more directly upon the tissues by combining with certain 
of the aldehyde groupings to form —CH(NH,)OH groupings, The 
action of ammonia in breaking up the links connecting the proteid 
groups to the biogen molecules (a 1 in 20,000 solution causing 29°/, 
Loew. Pfliiger’s Archiv, xxu. 1880; also Die chemische Energie der lebenden 
es Zellen, Ind Ed. Stuttgart, p. 112. 1906. 
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‘of proteid to break away in 12 hours) will probably prove to be a fact 
of significance in the ultimate determination of the nature of these con- 
nesting links, but at present ite interpretation is unknown. 
_ Taking the evidence as a whole, it would seem that the respiratory 
powers of the tissues are brought about by intracellular ferment action 
just as are many of the other activities of living cells. The ferments 
concerned therein are probably of a different chemical nature to most 
other ferments, as they are more sensitive to heat, cold, and the 
action of poisons, and moreover they seem. to be non-nitrogenous 
substances; but there can be no question that they often retain to a 
considerable degree the power of carrying on their functions long after 
the tissues have lost their vitality, 


If an excised kidney of the rabbit or cat be perfused with oxygenated 
saline solution, its initial gaseous metabolism is as great as in the 
living animal (allowance being made for the difference of temperatire), 
but it rapidly dwindles down till after 5 or 6 hours it becomes reduced 
to a half or a third the normal. Then for the next six hours it keeps 
nearly constant... The metabolism at 20° is about a third that at 31°, 
and at 5° a third that at 20°. As a rule the respiratory quotient varies 

but little, it averaging ‘85. a ) 
_ Judging from the.amount of CO, discharged from the kidney on 
perfusion with boiled (oxygenless) saline, the tissue contains at least 
100 cc. per kilogram of intramolecular oxygen. | | i 
A kidney kept for 1 day in a moist chamber at 18° had as large 
a gaseous metabolism as freshly excised kidneys; one kept for 3 days 
had ‘a third the normal metabolism, and one. kept for 5 days, a sixth 
the normal. 2 | 
Kidneys kept for half-an-hour and for one and a half hours in saline 
at 47° previous to perfusion ‘had almost as great a gaseous metabolism 
as fresh kidneys, whilst kidneys kept for half-an-hour at 50°, 58°, 55° 
and 60° before perfusion had a metabolism about 4rd, ith, jth and #,th 
as great respectively as fresh kidneys. | | 
__ Kidneys previously frozen to — 8° for 1 to 3 days bad about a half to 
a third the normal metabolism.  __ 
i When kidneys were perfused for half-an-hour-with ‘1 to -2 */, HON, 
their gaseous metabolism, on subsequent perfusion with oxygenated 
saline, was at a minimum at first. It steadily rose for the next 11 hours 
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as the HON broke loose from the tissues, till in the case of the kidney 
perfused with *1°/, HCN it reached the normal. 

Perfusion with ‘1 to ‘2°/, lactic acid caused no qf RSE output of 
CO, as in muscle, but it led to rapid diminution of the tissue respiration. 
The quotient gradually fell to -46—'37. 

_ Perfusion with 005 to 025°/, ammonia likewise caused a rapid 
diminution of tissue respiration, and a gradual fall of the quotient to 
36, 
_ Perfusion with 1°/, NaF or with 1°/, As,O; caused the tissue 
respiration to fall to less than a third the normal during the next few 
hours, but it did not.absolutely stop it even in three days, 

In perfusion experiments carried out at 28° to 31° (and occasionally 
at lower temperatures) from 10 to 22 °/, of the proteids of the tissues 
broke away and passed out in the saline, apparently without the tissue 
respiration being in any way affected. Hence, in accordance with 
Verworn’s hypothesis, it would seem that the respiratory functions of 
the tissues depend on non-nitrogenous side chains in the biogen 
molecules. In the perfusions with dilute ammonia no less than 29 to 
35 °/, of the total tissue proteids broke away in 12 hours, 
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IMPORTANCE OF INDIVIDUAL AMINO-ACIDS 
IN METABOLISM. Observations on the Effect of 
adding Tryptophane to a Dietary in which Zein is the 
sole Nitrogenous Constituent.. By EDITH G. WILLCOCK, 

Fellow of Newnham College, Cambridge, anp F. GOWLAND 
HOPKINS, F.RS. 


| (From the Physiological Laboratory, Cambridge.) 


Tue behaviour of the animal body under the influence of deficiences in 
its supply of nitrogenous foodstuffs has hitherto been studied almost 
entirely from the aspect of fluctuations in nitrogenous equilibrium. 
It is, of course, clear that the existence of such equilibrium, if suffi- 
_ ciently prolonged, is the best proof that all the needs of the body are 
being satisfied. It is no less certain, however, that the full significance 
of nitrogenous equilibrium is as yet but imperfectly understood. Many 
metabolic factors are probably involved in its maintenance, and the 
condition is one which should be susceptible of some experimental 
analysis, 

A deficiency in a nitrogenous dietary need not necessarily be one of 
quantity ; the form in which the nitrogen is supplied may determine its 
efficiency. Thus, in the familiar case of gelatine it is, of course, a 
qualitative deficiency which makes that substance unable to maintain 
nitrogenous equilibrium. It is generally supposed that this qualitative 
deficiency is occasioned by the absence from gelatine of certain 
molecular groups which are present in true protein, but this hypothesis 
leaves unexplained the advantage possessed by gelatine over fats and 
carbohydrates as a protein sparer. It is assumed that gelatine, owing 
to its constitutional deficiences, cannot repair tissue waste, but can 
replace protein in so far as the latter functions as a source of energy ; 
sharing with the proteid some unexplained advantage over fats and 


_ carbohydrates in this latter capacity. 


Recent advances in physiology seem to justify a fresh attack upon 
this subject, upon somewhat different lines. It now seems necessary to 
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‘differentiate between the minimal amount of in necessary for 
actual tissue repair and that required for total oan we have 
no reason for assuming that they are the same. We are no longer 
bound to Liebig’s view, or to any modification of it which implies that 
the whole of the proteid consumed is utilized as intact proteid; nor are 
we even compelled to assume that the whole of what is broken down _ 
in the gut is resynthesised before utilization. Proteid products may 
function in other ways than in the repair of tissues or in supplying 
energy. It is highly probable that the organism uses them, in part, for 
more specific and more immediate needs. The discovery of substances 
absolutely essential to life, highly specific, and elaborated in special 
organs, suggests that some part, at least, of the protein products set free 

in the gut may be used directly by these organs as precursors of such 
specific substances. In adrenaline, for instance, we have an aromatic 
substance absolutely essential for the maintenance of life, and it is 
probable that the suprarenal gland requires a constant supply of some 
one of the- aromatic groups of the proteid molecule to serve as an 
indispensable basis for the elaboration of adrenaline. If this be so it is 
certain that the gland itself could not, in starving animals, supply 
sufficient of such a precursor to outlast the observed survival periods’, 
Since adrenaline must be produced at all costs, the required precursor 
must, in starvation, be obtained by tissue breakdown outside the gland. 
We may be sure, moreover, that adrenaline is far from being the only 
substance elaborated to which such considerations apply. Similarly, in 
an animal upon a diet sufficient to supply energy, but lacking in some 
essential group, the minimal waste in the general tissues of the body 
will be determined by the special, need of the organs for the missing 
group. On this basis we have a hypothesis to account for the special 
protein-sparing properties of gelatine. It shares with protein certain 
molecular groupings needed to satisfy specific needs, and is thus superior 
to fats and carbohydrates as a protein-sparer; it lacks, on the other 
hand, certain other necessary groupings, fails therefore to supply all 
such needs, and thus cannot replace true proteid. — | 

Considerations such as these formed the basis for the experiments 
described in the present paper. The results obtained serve to show 
that even when tissue-equilibrium is not maintained the presence or 
absence of some one amino-acid in the diet may affect most materially 
the survival period and general well-being of an animal. 
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1 See Hopkins. Science Progress, New Series, Vol. 1. No. 1, July 1906. 
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Previous ‘work on these ‘lines has had the study of nitrogenous 

se as its basis, ‘Voit and Munk showed in their classical 
work that gelatine could not maintain such equilibrium, while Escher 
showed that the addition of tyrosine at least improved its powers in 
this respect. During the progress of the present research a paper has 
been published by Kaufmann’ giving the results of gelatine feeding 
with the addition of the missing amino-acids tyrosine and tryptophane. 
 On'replacing one-third of the proteid nitrogen of a diet by gelatine 
nitrogen equilibrium: was no longer maintained. If now one-third to 
one-half of the gelatine nitrogen was replaced by nitrogen in tyrosine 
and tryptophane the animal could be—for a time at least—maintained in 
nitrogen equilibrium. The animals used were dogs, aud the experi- 
mental period was of six days duration. Kaufmann performed a 
similar experiment upon himself im which he replaced all protein 
nitrogen by nitrogen in gelatine, tryptophane, and tyrosine. The 
experimental period was four days, and his nitrogen balance though 
not maintained was yet equal to that of a preliminary Some mag 
casein was taken. 
It is necessary to point out that. our own fesults could not dian 
been obtained by observing the presence or absence of nitrogenous 
equilibrium; the significance of the -observations would have been 
entirely missed if that alone had been considered. —/ 

Methods. The protein-like substance “zein” first’ described by 
Gorham? and later studied among others by Chittendenand Osborne’, 
and especially by T. B. Osborne* himself, is, as is well known, obtained 
from maize (zea mais). It gives most of the proteid, reactions—for 
instance Millon’s reaction and the xanthoproteic and biuret reactions. 
Its decomposition products have not ‘been: ‘fally studied, but it yields 
leucine, tyrosine, and abundant glutaminic acid. On the other hand 
Kossel and Kutscher have. demonstrated that lysine cannot be 
obtained from it’, and, as Osborne and Harris have shown, it fails-to 
yield the Adamkiewicz reaction (glyoxylic thus 
the absence of the tryptophane group*. ‘tie 


Gorham. Berzelius Jahresb. p. 124. 1822, 
3 Chittenden and Osborne. Amer. Chem. Journ. x11. 

and x1v. No. 1, p. 20. 1892. Tan 8, 
47T.B. Osborne. Journ. Amer. Chem. Soe. We. 2 1897. 
Kossel and Kutscher. Zeitsch. f. physiol. Chem. xxxt. p. 165. 1900. 
* Osborne and Harris. Journ. Amer. Chem. Soc. xxv. p.-853. 1905. . 
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The whole significance of the observations to be described iti thé 
following section depends upon this absence of the indol group. In thé 
paper by Szumowski referred to in a later paragraph, the statement is 
made that zein gives the glyoxylic reaction. The explanation for this 
discrepancy must be found, we think, in the fact, that preparations of 
zein are apt to give a purple colour with strong sulphuric acid atom. 
This colour change is chiefly, if not entirely, due to the yellow pigment — 
which is always abundantly present in the raw product. After treatment 
with ether, which removes pigment, the purpling with sulphuric acid ceases, 
and it becomes easy to observe the complete absence of the glyoxylic 
reaction proper. We have hydrolysed pure zein by boiling with twenty 
per cent. sulphuric acid and no trace of tryptophane could be separated 
at any stage of the hydrolysis by the method of Hopkins and Cole. 
If finely powdered preparations are submitted to prolonged pancreatic 
digestion very complete hydrolysis occurs without - appearance of any 
colour reaction on the addition of bromine. 

The behaviour of such a substance in ssh could not fail to 
be of interest, and the immediate object of the experiments to be 
described was to discover whether an atypical protein of this kind can 
maintain growth in young animals, or whether in spite of its containing 
tyrosine the absence of other characteristic groups from its molecule 


‘causes it to take a position similar to that of gelatine as a nutritive 
agent, If the substance failed to maintain growth it would be€learly 


of further interest to observe the effect of adding an amino-acid absent 


- from its breakdown products. If, again, on adding, say, tryptophane 


there should still be a failure to promote growth, there might yet be 
some favourable influence upon the animal, some effect independent of 
structural maintenance—a point — has received little attention in 
metabolism experiments. 

‘Four ‘years ago some feeding <esieiiaat relating to the fate of 
zein in metabolism were carried out under Kossel’s direction, by 
W. Szumowski. The chief object of these was to discover whether 
this easily recognisable protein substance could be recognised in the 


tissue after it had been given by the mouth; and to compare in this 


respect the effects of intravascular injection. Geese and pigeons were 
fed for long periods with large amounts of maize, but showed when 
killed no trace of zein in their blood or tissues. Dogs fed'upon pure 
zein showed very bad absorption of the substance. When injected into 
the blood stream zein was: deposited in the liver; and a large’ proportion 
of what was injected could be recovered from that organ five hours 
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afterwards. It is clear that Szumowski’s interesting experiments, 
though differing somewhat in significance from the later ones of 
Abderhalden and Samuely on gliadine feeding, should be ranked 
with these as offering evidence for the deep seated processes which 


must be involved in proteid assimilation. They do not bear upon the 


pic of this paper. | 

vO ities were employed for the feeding experiments described. What- 
ever objection may be attached to the use of small animals in 
metabolism experiments, they do not apply to observations of the 
simple kind necessary for the enquiry at its present stage. The 
observations are of a strictly comparative kind, in which one essential 


_ factor, and one only, is varied, and they are concerned only with the 


change of weight, the survival period, and the general well-being of the 
animals. It was desirable at the outset of the enquiry to work with a 
large number of individuals, and the difficulty and expense of preparing 
the special constituents of the dietary for the use of numerous large 
animals would be almost prohibitive. The general result being 
established, it will be possible to study the detailed effects of the 
dietary upon a smaller number of larger animals, _ 

The origin and previous history of most of the mice employed were 


known, so that comparative series could be chosen with due regard to | 


uniformity. 
The zein was obtained by extracting maize-meal with 75 per ceut. 


alcohol, as described by Osborne. The clear alcoholic solution obtained — 


after filtering was concentrated and poured into a large quantity of 
water, in which the zein separated as tough fibrous masses. The 
product could be drawn out into long threads and in this condition 
could be washed with thoroughness. In most cases, after drying and 
removal of fat and pigment with ether, the protein could be shown to 
give no reaction with glyoxylic acid. In the case of one or two 
preparations a second solution in alcohol and reprecipitation by water 
were necessary to remove adherent traces of other proteid. Extraction 
by ether was quite necessary to make the dry product susceptible of 
_— ground to powder; but no attempt was made to remove all traces: 

The zein was mixed with two and a half times its weight of 
carbohydrate, two parts of starch being used to one part of cane-sugar. 
The mixture was finely powdered and subsequently mixed with fat. 
The fat used was varied from time to time, such variation seeming to 
stimulate appetite; but in any one comparative series the changes were 
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exactly uniform for all the mice concerned. Butter fat (filtered), 
etherial extract of cheese, clarified bacon fat, and olive oil were all used, 
with the occasional addition of a drop of cod liver‘oil. Zein does not 
contain phosphorus, and, in view of this, a little lecithin was added to 
the food. The salts were obtained by ashing a known weight of 
dog-biscuit and oats (these having formed the previous dietary of the — 
animals). The ash was added to a corresponding weight of the prepared 
food. Macerated filter paper was added in the first experiments. Later 
this was replaced by charcoal. The complete mixture was eaten readily 
by the mice, In the tables of results which follow the above mixture is 
referred to under the term “Zein Diet.” 

In all the experiments the food was so given that the mice had as 
much as they could eat, and water was given freely. 

As remarked above Szumowski found that pure zein given by the 
mouth to dogs was absorbed by them very badly. It does not of course 
follow that because a single large dose of such material forced upon 
@ carnivorous animal was digested badly, that the results would be the 
same in such animals as mice, taking voluntarily a mixed dietary 
containing it. That zein is absorbed, both by man and animals, when 
taking ordinary maize or maize preparations, is proved by data quoted 
by Szumowski from the literature of the subject. 

It is of course not easy to determine the degree of nitrogenous 
absorption in such small animals as mice, but in our experiments there 
was every indication that the food given was dealt with satisfactorily in 
this respect. In the great majority of cases the feces were, throughout, 
perfectly normal, both in appearance and amount; while post mortem 
examinations of individuals which died while still taking their food 
freely, showed no accumulation of zein in the lower part of the intestines. 
It will be seen from what follows that a proof of complete utilization is of 
no importance to the significance of our results. 

In the earlier experiments the mice which were upon the same > diet 
shared a large cage; but in later experiments each animal had a 
- separate compartment, in order to prevent any possibility of interference 
with one another. The cages were of wire or perforated zine, and 
cotton wool was used for bedding. 

Most of the mice used were young individuals not fully grown, 
as it was desired to take the maintenance of growth as a test 
of the efficiency of the diet. In each experiment exactly uniform — 
conditions of feeding were maintained, the only variant being the 
presence.or absence of added amino-acids as described in each case. 
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OF FEEDING EXPERIMENTS. 


Ts Series A.ond B. ‘This was a preliminary experiment: made 


to test the power. of zein to maintain growth in young mice. ‘Series A 
had the zein. diet as described above, - Series B had the same diet ~ 
with the zein replaced an quantity of casein. 


eines A. Zein diet. B. Casein diet. 
—176 7 +21°8 + 59 
8 ~ 13-1 8 + 91 +27 
5 -27:1 


proteid in maintaining growth. The loss of weight was observed from 
the first day onward. It is plain from the rapid gain in the case of 
series B that the non-nitrogenous constituents of the dietaries were in 
satisfactory ‘proportions, The feeding of series B was continued for 
14 days for comparison with the results of later experiments. == 

Eap. II. Qne of the mice from series A of Exp. I (No. 4) was now 
fed upon a dietary in which half the protein was zein and half casein. 
In 15 days it had gained in weight to the extent of 46 per cent., and was 
in fine condition. The gain commenced from the first day of taking the 
new. diet. .This experiment makes it clear that the — zein is in 
no sense actively deleterious. 

Bap. TIT ; Series C and D. — This was a preliminary smaiaiad to 
test the effect of adding tryptophane to the zein diet. It was not 
carried to completion. The food was precisely similar in each series, 
save that in added 


Mouse... _* 

- 30-4), 14 18 days” +) 


ap 


‘this: experiment, the.‘ mice ‘on the: zein diet all ded: 
together on the twelfth day of feeding. On the 16th day. the expieri-:. 
ment had to he stopped ; but-at this time four out of the five:mice that; 
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received tryptophane were perfectly well and active. ‘Those without 
tryptophane were torpid and apparently almost lifeless for four ‘days - 
before actual death. This symptom was always present in animals 
upon zein without :tryptophane and will be discussed later: The 
addition of tryptophane is seen not to prevent loss of weight. The 
experiment was done in the summer, but the animals had to sustain the 
fluctuations of day and night temperature. ; 
Exp. IV ; Series E, F,and G. In this experiment three series were 
compared. The one had the zein diet alone; another had the same 
with tryptophane added to the extent of 2 per cent. of thé zein present. 
The third series had the zein diet with tyrosine added to the extent of 
2°/, of the zein. Tyrosine is already present abundantly in zein, and 
on this account it was chosen as an addendum to a series forming..a 
second control. That in this, as in subsequent experiments, its addition 
_ makes no difference to the effect of the zein diet, is sufficient to show 
that the modifications due to tryptophane are specific and ‘not due 
merely to increasing the amount of aromatic amino-acids. | 


Bein diet F. Zein diet+ Tyrosine. | Zein diet + Tryptophane. _ 


19! Wdays -27-7%,| 26  12days ~24-3%,| 88  %4days+ 40-49, (alive) 
|27 -315 | 34 2 + 390 (alive) 
2 19 -303 |35- 2 + 880 (alive) 
1 |29 19 -277 | 36 2 + 276 (alive) 
|30 10 | 87 2 + 288 (alive) 
-365 | 81 10 -178 16 

Men -22 |- 37-3 214+ 846 


The bxperiment had, unfortunately, to be stopped on the 24th. ter 
By this time all the mice without. tryptophane had been dead for some 
days, while of the seven which received tryptophane five were still alive, 
and, though thin, were well and active. The temperature when the 
experiment was made was low, and all the mice without tryptophane 
were extremely torpid after exposure to cold.in the night. They had to 
be warmed in front of a fire in the morning before becoming sufficiently — 
active to seek their food. The tryptophane series were warmed at the 
same time to keep the conditions of experiment similar, but in their 
case there was no necessity for this; they were active throughout: 
 Kap.V; Series H and I.: This experiment was on the same lines asthe 
last, but the animals were exposed to the fluctuations of the temperature . 


the though’ provided with. 
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abundant cotton wool for bedding. Under these conditions the 


_ differentiation was rapid. Series H had the zein diet with tyrosine 


added to the extent of 2 per cent. of the zein; series I had the zein diet 


and a similar quantity of tryptophane. The experiment was continued 


till all the mice in both series had succumbed. 
Zein diet + Tyrosine. I. Zein diet + Tryptophane. 


40 8 days %, 45 days -849%, 
42 7 -17°3 47 401 
48 5 41 48 27 ~ 85-0 
44 14 49 17 

Mean 9 4-7 | Mean 25°5 819 


A comparison of these results with those of Experiment IV, in which, 


as stated, all the mice were placed in a warm room each morning, shows 
the important part played by temperature in determining the survival 
period. The mice without tryptophane became rapidly torpid ; those 
getting tryptophane were active throughout. 


Exp. VI; Series J, K, and L. In this experiment the cages of all. 


the mice were placed in a large well-ventilated thermostat, the 
temperature throughout being kept at 20°C. The amounts of tyrosine 
and tryptophane in series K and L respectively were 2 per cent. of the 


zein given. 
J. Zein diet. K. Zein+Tyrosine. L. Zein + Tryptophane. 
Survival Mouse Survival 
pertod No. period 
50 19 days 58 25 days 66 18 days 
51 24 67 a... 
52 21 60 23 68 45 Se 
53 16 61 16 - 69 Killed on 17th 
55 15 68 15 70 (84 days 
56 21 64 17 3 34 
57 22 65 18 72 29 
30 
Mean 19 19°7 Mean 885 


Eup. VII; Series M, N,and 0, Exectly similar in all respects to 


Exp. VI. _The cages were kept at 20° throughout. In this, as in the 
last experiment, the maintenance at uniform temperature appeared to 
delay the differentiation in the series. For some days the mice 
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without tryptophane appeared as well as those supplied with it; but 
later on there was always the marked difference discussed elsewhere. 


M. Zein diet. | N. . Zein + Tyrosine. 0. Zein +Tryptophane. 
74 28 days -41 *, 81 21 days ~ 38 *, 89 27 days ~ 34°, 
15 19 -41 82 14 —21 90 43 - 38 
76 14 87 83 8 26 91 33 48 
14 84 26 ~ 42 92 30 
78 i 85 8 -17 93 81 ~ 38 
79 16 86 34 - 46 94 18 wn 
80 23 87 26 - 43 95 33 - 83 
88 40 
Mean 18 Mean  19°7 84 Mean 81 80 


Eap. VIII; Adult mice. In the foregoing experiments nearly all 
the mice were young growing animals, varying from about 3 weeks old 
to three-parts grown; only a very few were approximately full grown. 
In each experiment they were sorted, so that each series contained, so 
far as possible, mice of corresponding weights and ages. The behaviour 
of adult animals under similar conditions of feeding has not been fully 
studied. Only a short series can be given. Of six adult mice three 
were upon the zein diet with tyrosine, and three had the same diet 
with tryptophane, The amount of added amino-acid was in each case 
equal to 2 per cent. of the zein. | 


Zein + Tyrosine. Seth's 


96 19 days - 82-7 %), 99 86 days ~ 427 %, 
97 21 — 58 100 50 ~ 50 

Ss 40 ~ 51 101 62 — 57 


The difference in the survival period in the two series is very great, 
but mouse No. 98 lived much longer than any other when upon a trypto- 
phane-free diet. The condition of this animal was remarkable. On the 
21st day it was torpid and seemed no better than its companion which 
died upon that day. The torpor lasted for most of the remaining period 
of its life, and though it mostly consumed food each day its movements 
were extremely sluggish; it made no response when handled, and if 
taken from the cage it remained quiet and motionless, The trypto- 
phane mice were as usual lively and active till quite near their end. 

Since a view of the death incidence is more instructive than averages 
of survival periods, a graphic representation of the survival periods of 
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certain individual mice is given in the following diagram. It refers only 
to the young mice which were observed till death, and is compiled, 
therefore, from Exps. V, VI, and VII only. It shows the effect of adding 
tryptophane to the zein diet compared with that of adding tyrosine. 
The animals on zein only are not included. oe 


8 2 % 28 S32 $6 40 44 48 days 


Diagram constructed from the results of Exps. V, VI, and VII. The thick lines show the 
survival periods (in days) of twenty-one individual mice upon the zein diet with 
tyrosine added. The thin lines show the same for nineteen mice upon the zein diet 


GENERAL DISCUSSION OF THE RESULTS. 


It may be again emphasized that in all the foregoing feeding 
experiments the conditions under which the mice were compared were 
exactly similar, except for the presence or absence of small quantities of 
tyrosine or tryptophane in the diet. 

The food supplied was taken equally well by all the mice, at any 
rate till very near the end of life, when, in the case of those animals 
without tryptophane, the torpor which supervened introduced some 
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not im the least affect the main bearing of the results, will be discussed 


_ observed till death supervened, we find that the average duration of 


_ each case the animals that were observed till they died, we find that of 
_ the mice on zein alone 20 out of 26, or 77 per cent., died within 20 days; 


q 
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slight variation in this respect. ‘This circumstance, which certainly did 


immediately. 
Considering first the survival periods on the several diets given, 
and taking together all those cases in which the animals were fed and 


life of young mice upon the zein diet alone was 16°0 days; upon zein and 
tyrosine 15°6 days; upon zein and tryptophane 30-0 days. Omitting 
Experiments III and V, in which all three diets were not compared 
simultaneously, we have for zein alone 17:3 days; for zein and tyrosine 
17°5 days; and for zein and tryptophane 32‘2 days. Again considering in 


of those on zein and tyrosine 21 out of 31, or nearly 70 per cent. .died 
within the same period; while, of those receiving tryptophane, 7 out of 
34, or 20 per cent. only, succumbed within this period. On the other 
hand, of those which lived for 30 days or more, there were none upon zein 
only; 2 only out of 26 upon zein and tyrosine (one of these being an 
adult mouse) and 15 out of 22 upon zein and tryptophane—nearly | 
70 per cent. | 

The effect of the presence or absence of small quantities of 
tryptophane upon the survival periods is therefore extremely well 

The figures last given (though not the averages) may appear to 
show a very slight advantage due to the addition of tyrosine. This 
is out of all proportion small when compared with the effects ‘of 
adding tryptophane, and the result is probably accidental only. Con- 
sideration of the results as a whole will, we think, suggest that the 
addition of tyrosine was wholly without effect; and it is certain that 
the very marked superiority in the general condition of the mice during 
life,so evident in the tryptophane animals, was wholly absent from those 
with tyrosine. This does not, of course, show that the tyrosine group 
of protein plays no special part in metabolism; but only that this 
aromatic amino-acid being already present in the zein the addition of 
a further small quantity is—as might be expected—without effect. 
The interest however of adding it as a control in these experiments will 
be obvious. ~ 

It is desirable, we think, to insist upon the fact that the above 
numerical results do not adequately express the difference in the 
condition of the mice with and without tryptophane. The torpor 
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already referred to was a very prominent feature in those animals which 
were without this amino-acid. To a certain degree it was observable as 
an early symptom, especially in animals which were not kept at 
a uniform temperature. Later on it always appeared, and for several 
days before death the mice were exceedingly inactive and made no 
movement when touched or handled. When in this condition the ears, 
feet and tail were cold to the touch, the eyes half closed and the coat 
glairy. If the external temperature rose there was in some cases a tem- 

_ porary improvement, and in those experiments in which the animals were 
kept uniformly warm the symptoms were delayed. Such symptoms are 
of course in part similar to those seen in animals when simply starving 
or wholly deprived of nitrogen; but there was a difference, more easy to 
recognize than to describe. The difference was possibly due to the 
longer duration of life, or to the fact that there was in the earlier stages 
more active metabolism than in starvation, carried on however in the 
absence of some essential factor. At any rate there was a most striking 
absence of such symptoms from the mice which received tryptophane. 
These, in spite of the daily loss of weight, were alert and active, 
and looked healthy, not only up to such a period as saw the other mice 
succumb, but also till very near the end of their own much prolonged 
lives, In very cold weather a slight degree of inactivity might be 
manifested ; but it was never comparable with that seen in the animals 
without tryptophane. Notable as was the inactivity seen in the latter 
it is to be observed that nearly all showed appetite, and contrived 
_. to take food, till quite the last day or so of life; and, except in two or 
three special cases, the amount of food taken showed little or no 
difference from that consumed by the tryptophane mice during the same 
period. In the case of two long-lived mice in Exp. VII (Nos. 86 and 
87) and especially in that of the adult mouse No, 98 (Exp. VIII) the 
matter was different. These were apparently moribund for several days 
Lf before death and took then little or no food. Watching these mice, and 
comparing them with others, gave the impression that the absolute 
quiescence displayed by them was largely responsible for prolongation 

of their life. 

It is of interest to consider how far actual tissue maintenance 
intrudes as a factor in producing the difference between the mice 
that received the missing amino-acid and those from which it was 
withheld. 

Zein, it is clear, has no power whatever of maintaining growth in 
the young animal ; loss of weight begins the moment it forms the sole 
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nitrogenous supply. The addition of the missing tryptophane group to 
the zein has, it is also clear, no power to convert such loss into equi- 
librium or gain; a fact possibly due to other deficiences in the zein 
molecule, such as the absence of lysine, or the lack of some other 
amino-acid not yet observed. There was no close relationship in our 
experiments between the loss of weight and the length of survival period. — 
In many individual cases the mice upon tryptophane lost a considerably 
larger percentage of their weight before death than, on the average, did 
those without it. Such differences may be largely due to differences in 
the nutritional condition of individuals at the outset, but the results 
appear to show that death was not determined by a critical percentage 
loss, On the other hand the figures show that, on the average, the loss 
of body weight was slower with tryptophane than without it. But this 
result might well be expected, even if the tryptophane administered 
undergoes utilization without directly contributing to tissue formation 
or structural maintenance. If it serves as a basis for the elaboration of 
a substance absolutely necessary for life—something, for instance, of an 
importance equal to that of adrenaline—then, in starvation, or when it 
is absent from the diet, a supply is likely to be maintained from the 
tissue-proteids; the demand for it would become one of the factors 
determining tissue breakdown. In the case of young animals which 
directly benefit from the addition of a protein constituent, otherwise 
absent from their diet, to the extent of a well nigh doubled life, and 
marked improvement in general condition, but at the same time steadily 
lose, instead of gaining, weight, the utilization of the constituent would 
seem to be-of some direct and specific nature. 
Histological examination of the various organs failed to show any 
essential differences between one set of mice and another, but such 
examination was very incomplete. It is noteworthy however that the 
~  guprarenal glands hardened in formaline and dichromate certainly 
_ exhibited no differences, and in the opinion of Mr T. R. Elliott none 
were deficient in adrenaline. 
The Authors hope at some future time to make a more careful study 

more completely. 
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SUMMARY OF RESULTS. 


1. A dietary containing zein as its only nitrogenous constituent is | 
unable to maintain growth in young mice. : 

2. The addition of tryptophane (an amino-acid absent from the 
decomposition products of zein) to such a dietary does not make it 
capable of maintaining growth. | | | 

8. On the other hand this addition greatly prolongs the survival 


period of animals fed u_on zein, and materially adds to the well-being 
of such animals. 


4. The addition of tyrosine (which is already present in zein), in 
equivalent amounts, has no such effect. 


5. It is suggested that the tryptophane is directly utilized as the 
normal precursor of some specific “hormone” or other substance 
essential to the processes of the body. 


The expenses of this research were defrayed in large part by a grant from the Royal 
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ON THE OPTIMAL ELECTRIC STIMULI OF MUSCLE 
AND NERVE. By KEITH LUCAS, Fellow of Trinity 
College, Cambridge. | 

; (From the Physiological Laboratory, Cambridge.) 


In a paper recently published', I have described experiments which 
determined the optimal electric stimuli of the muscles of frogs and 
toads. It was there shown that the middle part of the sartorius has two 
optimal stimuli of widely different rates. In the sartorius of the toad 
both these optimal stimuli still persisted after moderate doses of curare, 
such as sufficed to block the conduction of an excitation set up in the 
nerve trunk, After much stronger doses of curare the optimal stimulus 
of higher rate was no longer found, while that of lower rate remained 
practically unchanged. 

I have since determined the optimal electric stimuli for the nerve- 
free pelvic end of the sartorius, and for the trunk of the sciatic nerve of 
the toad. 

The nerve-free end of the sartorius. 

The apparatus used was that already described*. The muscle was 
not attached to the glass rod F'*, but was threaded through the hole D, 
so that its tibial end hung downwards. To this end a small glass weight 
was attached. To the pelvic end a portion of bone was left adhering ; 
and this bone, being too large to pass through the hole D, remained 
inside the tube B and supported the muscle. The level of the Ringer's 
solution at C was so adjusted that the portion of muscle between D and 
C was as nearly as possible 3 mm. in length. In this way it was ensured 
that excitation took place only in the first 3 mm. of the pelvic end of 
the muscle, that is, in the portion free from nerves. It should be 
observed that the fluid electrodes here used are particularly well adapted 
for securing a strictly local excitation. For any portion of the muscle 


1 Keith Lucas. This Journal, xxx1v. p. 372. 1906. 
Loc. cit. p. 374. Loe, cit. Fig. 3, p. 375. 
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outside the air-space J is surrounded by a conductor of resistance so 
much lower than itself, that the current passing through such a portion 
of the muscle will be very small compared with that passing through 
the portion in the air-space J, where the muscle is the only conductor. 
The condensers were discharged by the method already described as 
method 

Since so short a piece of muscle was being used, I was afraid that 
it might be difficult to maintain a sufficiently constant resistance 
throughout each experiment. The resistance was therefore determined 


both before and after the experiment in every case. It was satisfactory 


to find that the change in resistance was never as great as 9°/,, and was 
in the majority of cases nut more than 2°/,. 


Seven experiments were made in this way, and only a single optimal : 


stimulus was found in every case. 


Exp. 53. Sartorius of toad. Method B. Portion of muscle between electrodes is 
3 mm. of extreme pelvic end. R before Exp. 11600 ohms; after Exp. 11800 ohms. 
T=10-0° C. 


V (volts) F (microfarads) — E (ergs) 
0-116 13°5 0-908 
0°175 3°05 0°466 
0°233 1°55 0-421 
0-311 0°81 0-392 minimum 
0°465 0°38 0-411 
0-700 0-212 0°518 
0-933 0142 0-617 
1:40 0-085 0°832 
2-00 0:054 1-08 
2°80 0085 1:37 

C= 29. 


Expr. 54. Sartorius of toad. Method B. Portion of muscle between electrodes is 


3 mm. of extreme pelvic end. R before Exp. 11400 ohms; after Exp. 11200 ohms. 
T=10°5° C, 


V (volts) F (microfarads) E (ergs) 
0-116 4:20 0-282 
0-175 1°45 0-222 
0-238 0-75 0-204 
0-311 0°445 0°215 
0-465 0°235 0°254 
0-700 01385 0-330 
0-933 0°092 0-400 
1°40 0-055 0-589 
2-00 0-084 0°680 
2°80 | 0-024 0°941 
O=24, 


1 Loe. cit. Fig. 2, p, 874. 
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OPTIMAL ELECTRIC STIMULI. 105 
In five of the experiments made the values found for the optimal 


stimulus were 24, 28, 29, 30, and. 36. In the remaining two only an upper 


limit to the value was determined, the range of potentials used having 
been wrongly chosen ; the upper limits found in these two cases were 
20 and 29. Two of the experiments are given above in full detail (Exps. 
53 and 54); for the remainder only the data of the combination of 
minimum energy are tabulated. | 


wads on the pelvic end of the surtoriue of 
| the toad. Method B. 


R before R after T Vv F | Optimal 
Exp. exp. (ohms) exp. (ohms) (centigrade) (volts) (ergs) stimulus C 
53 11600 11800 10-0° 0-811 0°81 0-392 29 
54 11400 11200 10°5- 0-233 0°75 0-204 24 
55 11200 12200 10°0 0-233 0-585 0°159 30 
56 12500 12500 10°5 0-311 0-60 0-290 36 
57 11800 12500 10-1 0-233 0-60 0°1638 28 
58 7200 10°2 0°233 1°40 0°380 (20) 
59. 9380 0°233 0-75 0-203 (29) 


9200 10-1 


The trunk of the sciatic. 


In the experiments carried out upon the sciatic nerve a sciatic- 
gastrocnemius preparation was made, and a piece of vertebral column 
was left attached to the upper end of the nerve. This piece of bone was 
fastened to the rod F, in the usual apparatus, and the nerve passed 
downwards through the hole D and through the lower surface of 
Ringer's solution at C. The gastrocnemius, which served as an index 
of excitation in the nerve, lay in the Ringer's solution below the 
surface C. | 


Expr. 60. Trunk of sciatic of the toad. Method B. R=34300 ohms. T=10°1° C. 


V (volts) F (microfarads E (ergs) 
0-100 0°105 0°0052 
0-117 0071 0°0048 
0°140 0-047 0°0046 
0°175 0-029 0°0044 minimum 
0°233 0-018 0°0049 
0-350 0011 0-0067 
0-466 0-007 0-0076 
0-700 0-005 0°0122 
0°933 0-004 00172 
1-400 0-002 0°0196 

C=152. 
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Seven experiments were made, and a single optimal stimulus only 
was found in every case. “The values ranged from 41 to 233. Two 
experiments are given below in full detail (Exps. 60 and 61). 

For the rest the data of the stimuli of minimum energy are given. 


‘Exp. 61, Trunk of sciatic of the toad. Method B. R=50100 ohms. T=10-4° C. 


V (volts) F (microfarads) E (ergs) 

0-100 0°175 0°0087 

0°117 0°106 0-0072 

0-140 0-060 00059 minimum 
- 0040 0°0061 
0-233 0-026 0-0071 

0-350 0-012 0:0073 

0°466 0-009 | 0°0097 

0-700 0°005 0-0122 

0-933 0°004 0:0162 

C=41. 


Experiments made on the trunk of the sciatic nerve of the toad. 


R (ohms) T (Centigrade) V (volts) (microfarads) (ergs) Cc 
34300 10-1° 0-175 0-029 00044 
50100 10°4 0-140 0-060 0-0059 41 
28200 10°5 0-175 0-057 0-0088 95 
40800 10-4 0-233 0-015 0-0041 238 
46600 10-0 0-140 0-035 0-0084 75 
30500 107 0-140 0-042 0-0041 95 
38200 10-4 0-175 0-044 0-0061 90 


Interpretation of results. 

In interpreting these experiments I propose to use the rate of 
discharge of the stimulus of minimum energy merely as a means of 
identifying different excitable substances! present in muscle and nerve. 
I shall assume that if in two cases the minima of energy occur at con- 
siderably different rates of discharge, then in those two cases different 
substances are being excited. For it has been seen that so long as the 
stimuli are applied to any one tissue, such for example as the nerve 
trunk, the values found for the rate of discharge at which the energy of 
the stimulus is at a minimum vary only within certain relatively narrow 
limits; whereas on passing from one tissue to another, as from the 
nerve-trunk to the nerve-free muscle, or from either of these to the 

* I use the term ‘ excitable substance’ in the most general sense, meaning any link in 


the neuromuscular chain, whose excitation can lead ultimately to the contraction of the 
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nerved part of muscle, one encounters a considerable change in those 


values. And this I take as justification of the assumption made. 


I do not propose at present to enquire into the precise reason why the 
minimum of energy occurs at one rate of discharge with one tissue, and 
at a different-rate with another tissue. It is true that there are grounds 
for believing that the rate of discharge at which the minimum occurs is 
related to the rapidity of development of the excitatory process in each 
tissue... But the experiments on which this belief rests are at present 
incomplete. Therefore it appears advisable to leave this question aside | 
for a while, and to use the rate at which the minimum of energy 
occurs merely as a label for each excitable substance found. So I shall 
proceed to enquire simply what consequences follow from the experi- 
ments already described, when a considerable difference between the 


rates of discharge at which energy is at a minimum is taken to imply a 
-non-identity of the excitable substances concerned. 


This would be a comparatively easy matter if each tissue stimulated 
showed a minimum of energy at one rate of discharge alone. But it 
has been shown already that the nerved part of the sartorius muscle, 
whether of the frog or of the toad, has two stimuli of minimum energy, 
occurring at widely different rates of discharge. We have therefore 
first to enquire what is meant by the occurrence of these two optimal 
stimuli in a single tissue. Now where we have a single stimulus, the 
curve relating the energy required for minimum excitation to the rate 
of discharge of the condenser is comparatively simple. As the rate of 
discharge increases, the energy falls to a minimum, and then increases. — 

Take for example the curve abc, from experiment 53, which is 
plotted in Fig. 1. : 

Here the energy falls to a minimum at 6b, when the value of 


868700 is 29. 


Similarly, if the excitable substance stimulated is suited by a higher 
rate of discharge, we have such a curve as a’b’c’, shown in Fig. 2 (taken 
from Exp. 40), in which the minimum is at 1780. — 

Now suppose that the two excitable substances found in Exps. 53 
and 40 were both present in the same tissue, and let that excited 


in Exp. 53 be called e, that in Exp. 40 ¢. It can then be seen from 


Fig. 3, in which the curves from Figs. 1 and 2 are superposed, that, as 
the rate of discharge was increased, e alone would at first be excited, 
since between the points a and d, ¢’ would require more energy to excite 
it than sufficed to excite e. The energy necessary to excite e would thus 
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pass through a minimum at b, and increase again tod. ~At this point 
the energy necessary to excite e¢ would be equal to that necessary to 
excite ¢, so that both e and ¢ would be excited. After d had been 
passed, e’ alone would be excited, and the energy required to excite ¢ 
would pass through a minimum at 0’, and increase again to ¢’. 

The portions a’d and de of the curve would not be recorded, since 
the method determines only the minimum energy necessary to cause an 
excitation. 

We should thus have a composite curve abdb’c’, of which the portion 
abd related only to the excitable substance ¢, and had a minimum at b, 
corresponding to the optimal stimulus of ¢, while the portion db‘c’ related — 
only to the excitable substance ¢’, and had a minimum at b’, corresponding 
to the optimal stimulus of ¢’. Now it is just such a curve as this which 
is usually obtained from excitation of the middle part of the sartorius, 
For example, in Fig. 4, the curve from Exp. 42 is plotted. The energy 
passes through a minimum at 5, reaches a relative maximum at d, and 
passes through a second minimum at J’. | 


d 


RATE OF DISCHARGE => 

Fig. 4. 
It therefore becomes clear that the two minima of energy may be 
explained on the ground that the middle part of the sartorius contains 
two excitable substances, one of which is excited in the portion abd of 
the curve, and has its optimal stimulus at b, while the other is excited 
in the portion db‘c’, and has its optimal stimulus at 0’. 

But there is also the possible alternative that there may be only one 
excitable substance, possessed of the property of responding to a minimum 
of energy at two different rates of discharge, We cannot deny the 
possibility of this alternative. But if it were correct, we should expect 
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to find two optimal stimuli under all conditions of : err a 
possessed that property. Whereas if the two optima stimuli are due 
to the ae at ee separate substances suited by different rates of 
discharge, then the disappearance of one optimal stimulus under changed 
conditions finds a ready explanation in the unequal alteration of the 
excitability of the two excitable substances by the change, whatever it 
may be. For example, strong curare may leave the excitability of the 
substance e (Fig. 3) unaltered, but may so increase the energy necessary 
to excite e’ that the curve a’b‘c’ may have its minimum above the curve 
_ abe, in which case only the minimum of energy at , that is, the optimal 
stimulus of ¢, will be found. | | 

The supposition that two excitable substances are present affords 
‘so satisfactory an explanation both of the form of the energy curve 
obtained from stimulation of the middle of the sartorius, and also of the 
disappearance of one minimum of energy under changed conditions, that 
I shall assume it to be correct. | 

But it does not follow that where one optimal stimulus alone is found, 
there is only one excitable substance present. For when one substance 
e is found, having a curve such as abe (Fig. 1), there may be a second 
substance e’, needing so much more energy that it is never excited by 
the energy which just excites e. In other words the curve abc’ 
belonging to the excitable substance e’ may never be found, because 
it lies wholly above the curve abe which is obtained by exciting e. 
Or the curve a’b’c’ may cut abe only after thé minimum of the former 
has been passed, so that the presence of the substance ¢ may cause no 
second minimum in the curve, but may produce only a slight deviation 
in one ascending limb. (The composite curve abdiiof Fig. 3 very 
nearly presents a case of this sort.) Or again there may: be present an 
excitable substance whose optimal stimulus lies outside the range of 
rates of discharge which have been used. 

’ The conclusion to be drawn is therefore that if two minima of energy _ 
are found, there are at least two excitable substances present; while if 
one minimum alone is found there may be other excitable substances 
present, but those other substances must either have their optimal 
stimuli outside the range of stimuli used, or else must need, at their 
optimal rate of discharge, a greater expenditure of energy than is 
required at the same rate by the one excitable substance whose - 
minimum has been found. | 

We may then draw the following inferences from the experiments 
already made. | 
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_ Im the nerve-free end of the toad’s sartorius there is an excitable 
substance having its optimal stimulus between 20 and 30 (Exps. 53— 
59). This may be called provisionally the substance a. 

In the trunk of the sciatic there is an excitable substance which 


| ‘may be called , whose optimal stimulus lies between 41 and 233 


(Exps. 60—66). 

In the portion of the sartorius where nerves end there are two 
excitable substances, one, whose optimal stimulus lies between 37 and 
63, and a second, whose optimal stimulus lies between 1780 and 19300 
(Exps. 39—43)". The latter I shall call 8. The identity of the former 
will be considered presently. 

The excitable substance a, since it is found in the nerve-free part of 
the muscle, belongs obviously to the muscle-fibre itself. | 

The excitable substance 8 is found in a particularly excitable form 
in the region where nerve enters muscle. It might therefore at first 
sight appear to belong to the intramuscular nerve-fibres. But this 
cannot be so, since in the first place it differs widely in its optimal 
stimulus from the substance y found in the nerve-trunk, and further, it — 
remains in functional connexion with the muscle-fibre after the curare- 
block has been established (Exps. 44—48). The exact location which 
we assign to this substance in its highly excitable form must depend 
upon our view as to the position of the curare-block. If, on the older 
view, we place the curare-block at the termination of the visible nerve, 
then the substance 8 is either a junctional substance between muscle 


- and nerve, or a substance forming part of the muscle-fibre itself, and 


concentrated in the region near the entry of the nerve, If, with 
Langley, we place the action of curare in the muscle-fibre, then the 
substance § is certainly a constituent of the muscle-fibre concentrated 
round the entry of the nerve. It is impossible without further 
experiment to decide between these alternatives; but, whichever be 
correct, the localization is close enough to indicate that the substance 
8 has to do rather. with the conduction of excitation from nerve to 
muscle than with any of the intrinsic functions of either of those tissues. 

The failure to find in the nerve-free part of the sartorius and in the 
nerve-trunk a minimum of energy corresponding to the substance 8 
must not be supposed to prove the complete absence of that substance 
from those regions. For, as we have already seen, the minimum of 


1 ‘The earlier experiments, made by method A, are not accurate enough to be taken 
‘2 Langley. Groonian Lecture. Proc. Roy. Soc. B, uxxvitt, p. 180, 1906. 


ae, 

q 
£ 
= 
ays 
i 
4 
‘ 
a4 

; 

e 


112 KEITH LUCAS. 


energy corresponding to any excitable substance will be found only if 
that substance requires, at the rate of discharge at which the minimum 
occurs, less energy for its excitation than any other excitable substance 

t. It is therefore possible, as far as the present evidence can 
show, that the substance § may occur throughout the nerve-free region 
of muscle, and throughout the nerve-trunk. But, even if it does so, it 
has in those regions a relatively less excitability than in the region 
where nerve enters muscle. So that in any case the conclusion reached 
above as to the special development of 8 in the region of nerve entry is 


justified. Since for the purpose of this argument it was enough to have — 


shown merely that 8 is excited in the region of nerve entry, but is not 


excited in the nerve-free muscle, I have not attempted to define the 


exact limits of the regions within which £ is and is not excited. The 
determination of these limits could not, as we have seen, justify any 
conclusions as to the limits of absolute presence or absence of the 
substance 8, which might anywhere pass undetected because less 
excitable than other substances present. And the enquiry is greatly 
complicated by the distribution of nerve-endings in the sartorius. For 
if all the endings were grouped together in a small part of the muscle’s 
length, then it would be of interest to determine how far from the 
endings the substance 8 was excitable enough to be detected. But with 


the ill-defined distribution of endings found in the sartorius, it is not — 


possible to say, on stimulating in the regions where endings are sparse, 
how the cathode is situated with relation to the endings; so that one 
might perhaps fail to excite 8 at a certain point in the muscle’s length, 


and yet excite it on moving the electrodes nearer to the muscle’s end, 


because one might so encounter a new group of nerve-endings. On this 
- point experiments are now being made, but I shall leave it aside for the 
present, hoping to return to it in a later paper. 

Now in the portion of the sartorius where nerves enter, there should 
be at least three substances capable of excitation. There should be the 
substance yy, belonging to the nerve-trunks which pass into the muscle ; 
there should be the substance 8; and there should be the substance a, 
belonging to the muscle-fibres. But on stimulating in this region we 
find only the substance 8, and a second substance whose optimal 
stimulus ranges between the values 87 and 63. This range lies 
between the ranges 20 to 36, and 41 to 233, found for the muscle-fibre 
and nerve-fibre respectively. The second substance might therefore, 
as far as this evidence goes, be either in the muscle-fibre or in the 
nerve-fibre. But after the curare-block is established, there is an 
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excitable substance still in connexion with the muscle-fibre, showing a 
range of optimal stimulus from 13 to 56, a range little different from 
the range 37 to 63 found before curare was given. This agreement 
between the rates found before and after curare renders it probable 
that the same excitable substance is excited in both cases. In which 
case it must lie on the muscle side of the curare-block. And if 
this is so, the simplest supposition is that this is the excitable — 
substance a, already found in the muscle-fibre. This conclusion may 
seem to be opposed by the fact that the nerve-trunk (Exps. 60—66) 
has been excited by as low a mean energy as 0°0053 erg, whereas the 


_ muscle-fibre has required much more. But it should be observed that 


the nerve, when the trunk was stimulated, alone carried the whole 
current of discharge; whereas, when the middle of the sartorius was 
stimulated with the electrodes used in these experiments, the bulk 
of the current passed through the larger conductor, the muscle, and 
a very small fraction of the whole passed through the nerve-fibres. 

_ The conclusion reached in this way affords a possible explanation of 
the results which previous observers have obtained by stimulating 
various parts of the sartorius muscle in the frog. For it may have been 
the substance 8 which caused the relatively high excitability observed 
by Kiihne’, by Sachs’, and by Pollitzer*, in the middle part of the 
curarised sartorius, There is certainly agreement between the inability of 
moderate doses of curare to abolish the even excitability of the sartorius 
in the experiments of Kiihne and Pollitzer, and the inability of like 
doses to lower the excitability of the substance 8 below that of the 
other excitable substances present in my own experiments. For 
Kiibne‘ used g. of curare (01 c.c. of sol.), and Pollitzer® a 
maximum of 0°01 g. (10 drops, i.e. O'S cc. of 2%/,sol.), and neither of 
these observers was able to abolish the uneven excitability; while I 
found 0°003 g. (0°3 cc. of 1 °/, sol.) insufficient to lower the excitability 
of the substance 8 below that of the other excitable substance present. 
But the observations of Sachs directly contradict those of Ktihne and 
Pollitzer. For Sachs‘ used doses of 0°003 g. to 0004 g. of curare, and 
claimed to abolish with these the uneven excitability. If, however, it 
was the substance § which caused the uneven excitability, then I am . 

1 Kiihne, Miiller’s Archiv, 1860, p. 477. 

2 Sachs. Reichert and Du Bois-Reymond’s Archiv, 1874, p. 57. 
® Pollitzer. This Journal, vu. p. 274. 1886. 

* Kiihne. Loc. cit. p. 489. 


5 Pollitzer. Loc. cit. p. 279. 
* Sachs. Loc. cit. p. 68. 
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able to. confirm the observations of Sachs in one important point ; for 
I was able to lower the excitability of 8 below that of the other 
excitable substance present, provided only that I soaked the muscle in 
02°/, of curare (Exps. 49—52). On this view, then, the point of 
difference is not whether curare can sufficiently lower the excitability 
of the substance 8, but rather, what dose of curare it requires to do so. 


SUMMARY. 

This is a continuation of experiments on optimal stimuli previously 
described. The middle part of the sartorius of the toad was then found to 
show two optimal stimuli, one ranging from 37 to 63, the other from 
1780 to 19300. Both persisted after moderate doses of curare ; the latter 
disappeared after very strong doses. 


_ It is now found that the nerve-free end of the sartorius shows only 


one optimal stimulus, of rate ranging from 20 to 36. 

_ The trunk of the sciatic nerve also shows only one optimal stimulus, 
ranging from 41 to 233. 

“The occurrence of two optimal stimuli implies the presence of at 
least two excitable substances; but the number of excitable substances 
present may be greater than the number of optimal stimuli found, the 
substances whose optimal stimuli are not found either needing more 
energy for excitation than those whose optimal stimuli are found, or 
else having their optimal stimuli outside the range of the experiment. 

The muscle-fibre, free from nerves, contains therefore an excitable 
substance a of low optimal stimulus. The nerve-trunk contains a 
substance vy of slightly higher optimal stimulus. 

When the middle of the sartorius is stimulated there are two 
substances which may be excited. One of these, the substance 8, has 
an extremely high optimal stimulus, is concentrated in its most excitable 
form near the junction of muscle and nerve, and is on the muscle side 
of the curare-block. Its situation cannot be more exactly determined 
until we are able to localize the curare-block more exactly. 

The second substance excited by stimulation in the middle of the 
sartorius has an optimal stimulus resembling those of the substances a 
and fy. The action of curare shows that it cannot be situated in the 
intramuscular nerve-fibres, It is most probably the substance a found 
in the muscle-fibre. It appears that stimulation in the middle of the 
sartorius, with electrodes arranged as in these experiments, does not 
usually excite the intramuscular nerve-trunks, probably because the 
bulk of he: current passes by the larger conductor, the muscle. 
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EXPERIMENTAL LYMPHOCYTOSIS. By W. HENWOOD 
HARVEY, MB. (Tor), British Medical Association Research 
Scholar. 


(From the Pharmacological Cambridge.) 


HORBACZEWSKI" was the first to recognise that pilocarpine produces 
leucocytosis. His- observations were based upon both experimental 
evidence in animals and clinical work. In 1893 Ruzicka® in a 


_ lengthy paper described the same condition following the exhibition of 


this drug, and reviewed the various hypotheses which have been offered 
in explanation of this phenomenon but commits himself to no definite 
conclusions. He especially drew attention to the rapidity and degree 
of the leucocytosis. 

Many of the hypotheses are deserving of but scant consideration. 
Roemer™, for instance, suggested that it was caused by a local 
intravenous amitosis of the leucocytes and Gartner™ that it was the 
result of lymph-cell migration from the lymph stream into the veins, 
following upon the lymphogogue-action of pilocarpine. Stricker 
definitely shown, on the other hand, that neither mitosis nor amitosis 


‘are observed in circulating leucocytes, except in rare instances. More- 


over it is well known that lymph contains far too few cells to account 
for such an increase as that which obtains after this drug. Again, 
many observers—Rieder ®, Léwit™ and others—fall back upon the 
term ‘chemotaxis’ as an explanation. _ 

The following experiments were undertaken with a view to deter- 
mining the kind and origin of the leucocytosis. Rabbits were mostly 
used but in certain experiments cats and dogs’ were required. The 
counts were made with the ordinary Thoma-Zeiss hazmocytometer ; for 
differential counts, blood smears were made upon cover-glasses ; Jenner's 
stain was used, In making these differential counts, the leucocytes 


1 In every case where a cat or dog was used, the animal was instantaneously pithed 
without the previous administration of an anwsthetic, and artificial respiration was 
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were divided into two groups : (a) and (6) 
nuclear and the remaining varieties, All doses given in this paper 
represent the quantity employed per kilo of body weight. 


In the first place, rabbits were injected intravenously with small 


doses of pilocarpine. All the injections were confined to one ear, whilst 
from the other, samples of blood for éxamination were withdrawn both 
before and ten minutes after the injection. A typical result of such 
experiments is shown in the following table. 


Count of 100 leucocytes 
10 mins. after 
Leucocytes per c.mm. Before 
Drug and dose Before Wmins.after (a) (d) (a) (b) 
Pilocarpine 0-001 grm. 5,866 9,733 43 57 66 B4 
Pilocarpine 0-001 grm. 5,933 8,900 46 54 67 82 


When cats were employed, the drug was. injected, after suitable 
preparations of the animal as described later in this paper, into the 
jugular vein and specimens of blood were obtained from the carotid 
artery. The following figures show the result. 


Count of 100 leucocytes 
Leucocytes per c.mm. Before 10 mins. after 
Drug and dose Before 10 mins. after — (a) (d) (a) (b) 
Pilocarpine 0°005 grm. 4,700 | 9,366 89 61 82 18 
Pilocarpine 0°005 grm. 9,800 11,800 47 53 59 41 


Two features of the above table call for especial attention—the 


rapidity with which the vessels become loaded with leucocytes and ~ 


the fact that the increase is almost, if not entirely, due to the presence 
of lymphocytes. 

Dixon has pointed out that in a typical polymorphonuclear 
leucocytosis the final hyperleucocytosis is preceded by a period of an 
hour or two in duration during which there exists a decided hypoleu- 
cocytosis, These two stages are common to this variety whether it be 
induced by such drugs as colchicine or by proteids, nucleo-albumens or 
the like. In these experiments, on the contrary, the change is immediate, 
- the leucocytes filling the circulation almost directly upon the exhibition 
of the drug. 

The source of these cells has already been suggested, but the 
means by which they are called forth have not previously been demon- 
strated. This reaction is due to contraction of the plain muscle tissue 
present in the spleen and lymphatic glands. Pilocarpine, as is well 
known, possesses a stimulant action on the ‘nerve-endings’ in all 
varieties of plain muscle, and it is easy to show that under its influence, 
the spleen contracts very markedly. With the object of verifying this 
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view I next injected other drugs which act upon the same tissue, namely 
muscarine, barium chloride, and adrenaline. Below is tabulated a 
protocol of typical experiments. 


Count of 100 leucocytes 
Leucocytes per c.mm. “ Before 10 mins, after 
Drug and dose Before (@) (@) a 
(1) Musearine' 12,800 17,200 33 67 45 55 
(2) BaCl, 0-01 grm. 17,842 21,686 81 «69 41 
(8) BaCl, 0°01 grm. 10,600 12,238 86 «G4 


(4) Adrenaline 0:3¢.c. of 1°/,, sol.; 7,000 6,200 87 68 74 26 


From the above figures it will be seen that muscarine and barium 
chloride were each followed by a marked leucocytosis which was also a 
lymphocytosis, whilst adrenaline produced a slight decrease in the 
count per c.mm., yet it yielded a relative increase of lymphocytes. If 
my explanation of the cause of lymphocytosis be the correct one, then 
it should be possible by previously atropinising an animal to inhibit any 
effect caused by a subsequent injection of drugs such as pilocarpine or 
muscarine. Since barium chloride acts more peripherally on plain 
muscle than either pilocarpine or atropine, its action should therefore 
be equally retained in the atropinised as in the normal animal. The 
following is a protocol of some such experithent. 


Atropinised rabbit (dose of atropine = 0-001 grm.). 


Count of 100 leucocytes 
Drug and dose Before 10 mins. after (a) (b) (a) (b) 
Pilocarpine 0-001 grm. 15, 400 15,800 56 
BaCl, 0-01 grm. 11,200 17,500 38 62 81 19 


Further proof that the spleen is the main source of this increase was 
obtained by ligating the splenic vessels in a cat (pithed). The jugular 
vein was prepared for injecting and the carotid artery of the opposite 
side for yielding the samples of blood for examination. Pilocarpine 
was injected. The following tables gives the results. 


Li of loni wels, cat (pithed). 


Count of 100 leucocytes 
10 mins, after 
Drug and dose Before 10 mins. after (a) (0) (a) : 
Pilocarpine 0-005 grm. 10,150 — 10,900 742 26 79 21 


2 Obtained by making an alcoholic extract of muscarius, evaporating to dryness and 
taking up with saline solution equal to half its original volume. 

® This large number of lymphocytes occurring before the injection is evidently the 

result of manipulation of the spleen during ligation of its vessels. 


q 
Wan 
ees 
te 
§ 
= 
! 
4 
‘ 1 
4 
‘ 
| 
an 
| 
q 
# 
: 


118 | H. HARVEY. 


The small increase, which is noticeable, comes no doubt from the 


lymphatic glands. After completing preparation in this experiment 
half an hour was allowed to elapse before the first count was made, 

A final proof is reached in the following experiment. A dog was 
pithed and prepared as follows. The abdomen was opened by a median 
incision, and the splenic nerve was dissected out. This was then placed 
on protected electrodes and the whole was returned to the abdominal 
cavity, which was temporarily closed. The nerve was stimulated during 
every alternate half minute for fifteen minutes with the secondary coil 
at 5cems. Specimens.of blood were drawn before and after excitation. 
The results of such a stimulation are given below. | 


Excitation of splenic nerve, dog ( pithed). 


Count of 100 leucocytes — 
Leucocytes | per ¢.mm. “Before 15 mins. after 
Before 15 mins. after (a) (0) (a) > 
CoNCLUSIONS. 


1, That a. leucocytosis follows immediately upon the injection of © 


pilocarpine, muscarine, and barium chloride. 

2. That this leucocytosis is a true lymphocytosis. 

3. That it is of purely mechanical origin and is due to contraction 
of the plain muscle element in the spleen and lymphatic glands. 

4. That it may be inhibited if atropine precedes the incorporation 
of any drug which stimulates plain muscle tissue, through the motor 
‘nerve-endings’ or a more central part. 

5. That a similar lymphocytosis may be produced through excita- 
tion of the splenic nerve. 
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? Quoted from Ruzicka (2). c 
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_ compounds of phosphorus in cells, after first treating the tissues with 


ON METHODS SUPPOSED TO LOCALIZE PHOSPHORUS 
IN CELLS. By F. H. SCOTT, PaD, MB, Mackinnon 
Research Student. 

(From the Physiological Laboratory of University College, London.) 


Introduction. The various tests for phosphorus which have been 
proposed depend on the use of a solution of ammonium molybdate in 
nitric acid. It has been assumed that the nitric acid would liberate 
the phosphorus from its organic combinations as orthophosphate, and 
that this would then be precipitated as ammonium phosphomolybdate. 
To distinguish the yellow precipitate from the yellow colour produced by — 
the action of the nitric acid on the proteid, agents have been employed 
to reduce the phosphomolybdate to one of the coloured oxides. of 
molybdenum. The dark coloration obtained in this way was. s considered 
to indicate the presence of phosphorus. 

Lilienfeld and Monti”, who were the first to try to localize the 


the nitromolybdate reagent then treated them with a solution of 
pyrogallol, which turned parts of the tissue yellow, brown or black. 
These colours were believed to indicate the presence of phosphorus. 
Raciborski®, in a criticism of Lilienfeld’s and Monti’s work, pointed 
out that pyrogallol, both in the test tube and in tissues, reduces 
ammonium phosphomolybdate to the blue oxide of molybdenum while 
it blackens ammonium molybdate. He therefore regarded Lilienfeld 
and Monti’s results (yellow, brown or black) as due to the reduction of 
ammonium molybdate which had not been washed from the tissues. 
He also pointed out that the nitromolybdate reagent will not react 
with nuclein compounds even after 48 hours, while on the other hand 
these nuclein compounds have a great power of retaining ammonium 
molybdate and are therefore blackened on subsequent treatment with 
pyrogallol. The same affinity of nucleins for ammonium manent was 


out by Gilson®. 
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Pollacci using zinc chloride as the reducing agent found colours 
varying from dark blue. to grey which he considered to indicate the 
presence of phosphorus. Heine”, however, found that phosphorus- 
free as well as phosphorus-holding bodies would, after treatment with 
the nitromolybdate reagent, turn blue with zinc or stannous chloride. 

Macallum®, believing in the principle of the Lilienfeld and 
Monti reaction, used phenyl-hydrazine as the reducing reagent since, 


in the presence of acids, this will reduce the phosphomolybdate but 


leave ammonium molybdate unaffected. This is a great improvement 
on zinc or stannous chloride, as it is impossible.to wash the sections 
free from adsorbed ammonium molybdate, The reaction with phenyl- 
hydrazine has been used more or less extensively as a micro-chemical 
test for phosphorus,—among others by the writer”. It has, however, 
recently been pointed out by Bensley ® that this reaction of Macallum, 
when applied to tissues, often gives misleading results and shows a green 
colour in the tissue where nuclein compounds do not exist. On 
investigation Bensley discovered that the blue colour produced by the 
phenylhydrazine was due to the reduction of adsorbed molybdiec acid 
and had nothing to do with phosphomolybdate, as his results show there 
could be no phosphomolybdate present in the sections. The reaction 
with phenylhydrazine, if Bensley be correct, is therefore no test for 
phosphorus. 

Observations. I thought it desirable to determine in the first place 
whether the yellowing of the tissues, which is produced by the nitro- 
molybdate reagent, might not be taken as sufficient evidence of the 
presence of phosphorus. 

In the nitromolybdate reagent there are two factors tending to 
cause a yellowing of the tissue, viz. the nitric, acid producing the 
xanthoproteic reaction, and the formation of ammonium phosphomo- 
lybdate from any inorganic orthophosphate which may be present. 


On investigation it was found that, if great excess of acid be avoided, 
a solution of ammonium molybdate in hydrochloric acid is as good — 


a precipitant of orthophosphate as a solution in nitric acid. The reagent 


I used had the following proportions : 
Ammonium molybdate 10 °/, solution 80 a6, 
Hydrochloric acid sp. gr. 1:16 12 6.6. 
Ammonium chloride 20 grs. 
Potassium persulphate saturated solution — 10 ¢.¢. 


The molybdate is poured slowly into the acid with continued 
shaking, then the chloride added, and when this has dissolved the 


3 


| 
ak ‘ 
* 
* 
3 
2 
a 
A, 
VA 
a 
4 
ug 


DETECTION OF PHOSPHORUS. 121 


persulphate also added. The mixture should be allowed to stand for 
some time in order to allow any phosphate, which may be present 
in the reagents, to be precipitated. 

The above reagent is as sensitive as the nitromolybdate reagent and 


_ will give an undoubted reaction with as little as 005 mgm. of sodium 


phosphate. The addition of an oxidizing agent (persulphate, hydrogen 
peroxide, chromic acid) is only necessary when the reagent is to be 
applied to tissues, but without such oxidizing agent the tissues will turn 
blue owing to the reduction of the molybdic acid. (Bensley observed 
the same for a solution of molybdic acid in hydrochloric acid.) 
Sections of alcohol hardened material may be left in this reagent for 
days at 37°, and if they have been properly freed from inorganic 
phosphate no yellowing of the tissue is seen. Sections of testis (frog) 
were chiefly used in this work but sections of bone marrow, liver, 
pancreas and cerebellum were also tried. The nuclei of the fresh blood 


corpuscles of the newt do not turn yellow in this reagent even after 


4 or 5 days. The same absence of effect is noticed if instead of sections 
small pieces of tissue are taken. If these have been freed from inorganic 
phosphate they do not show any yellow coloration, but if they contain 
inorganic phosphate they give an immediate reaction. Even lecithin 
compounds do not give a reaction (turn yellow) either with the nitro- 
or the hydrochloric molybdate reagent. If, however, small masses of 
lecithin are put in either of these reagents one finds after a few days 


_ a crop of phosphomolybdate crystals on the sides of the flask. This 


shows there is no localizing action, and that even from such compounds 
as lecithin the first effect of the reagent is to liberate some soluble 
compound of phosphorus which, however, is not acted upon by the 
reagent until it is further hydrolysed. Lecithin may be boiled with 
acids on a water bath and, unless the hydrolysis be continued for 4 or 
5 hours, no inorganic orthophosphate is formed. 

The reason for the absence of results with these sieaiiiaaianl 


‘reagents has been found by a study of the hydrolysis of tissues with 


acids at various temperatures. This work has been done in conjunction 
with Dr R. H. Aders Plimmer who has kindly allowed me to make use 
of these. results. The method followed was that used by Bayliss 


_ aud Plimmer® in their work on the liberation of phosphorus from 


caseinogen, The acid was added to the ground tissue (ox testis), 
thoroughly mixed, and then a sample (50 c.c.) withdrawn in a pipette 
and dropped into 50 cc. of tannic acid reagent (Cathcart’s™ formula 
+an equal volume of ey and allowed to stand till the next day 
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when it was filtered. A definite volume of the filtrate was taken and 
the phosphorus determined after oxidation by the Neumann method 
as modified by Plimmer. The phosphorus in this tannic acid filtrate 
we term soluble phosphorus. The amount of inorganic phosphate in 
the digest was determined by first filtering and then throwing down 
the phosphate in a definite volume of the filtrate with ammonia and 
magnesium citrate. That the organic substances present did not 
inhibit the precipitation of the ammonium magnesium phosphate was 
shown by the result of control experiments in which a definite amount 
of inorganic phosphate was added to a sample before precipitation. 
After the precipitate had been dried, burnt and weighed, and the 
amount deducted for the quantity of phosphate added, the remainder 
was found to correspond with the amount obtained from a sample of the 
same fluid to which no inorganic phosphate had been added. The 


action of acid in liberating the peenpoent from tissue wks be seen in 


the following tables. 


Tasux I, Ox testis, fresh. 610 HNO, added to 170 gre 
of tissue. Kept at 38°. ee 


Sample 0 taken as soon as possible contained 48°8. 
» 1 taken after 19 hours contained 59-2 

” 2 ” 24 ” i 62°7 

” 8 ” 43 ” 64:1 

» » 48 ” 64°6 

” 5 ? 67 ” 65-2 

» §& » 98 64:8 
Total phosphorus in 50 ¢.¢. = 72°38. 


In the above table two facts are to be noticed, first, the ease with 
which most of the phosphate present is converted into ‘soluble’ 
phosphorus, and second, that there is a residue: of phosphorus which 
does not pass into the soluble state. The large amount of phosphorus 
present in sample 0 is partly due to the difficulty in obtaining the first 
sample. The inorganic phosphate was not determined in this case at 
the commencement, but 2 days after sample 6 was taken it was found 
to be only 18 mgms. of P,O, in 50c.c. Thus although the acid liberates 
§ of the phosphorus as ‘soluble’ phosphorus yet only 4 of it was present 


as inorganic phosphate. Subsequent experiments show that this inor- - 


ganic phosphate is not derived from nucleins but from inorganic ame 
originally present in the tissue. 
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Table II shows that hydrochloric acid liberates the phosphorus i in 
a similar manner to nitric acid, The amount of nitrogen in the filtrate 
was also determined. 


Taste II. Ox testis, fresh. 880 c.c. HCl (contained 130 HCl, 
ap. gr. 1°16) added to 340 grs. of testis. Kept at 38°. 


Mgma. in _Grs. of 

of digest as ce of digest 
Sample 0 at commencement contained 193 0-0189 
y»> 1 after 16 hours contained 45°4 0-0364 
2 24 ” 50°65 0°0434 
» 8 4, 2 days contained 555 00470 
” 5 ” 8 ” 60°8 00896 
” 6 ” 12 62°6 0°1057 

Total in 50 =68°5 Total=0-2156_ 


Inorganic phosphate at time of sample mgms, P,O,. 


‘were also made with other strengths of nitric and 
Riso eas acid and with sulphuric acid, but as the results show the 
same general features the figures are not given. _ 

Much more interesting from our present standpoint were the 
experiments carried out on testis which had been coagulated with 
alcohol and then extracted with hot alcohol and ether until all the 
phosphorus compounds soluble in these fluids had been removed. This 
material still contained considerable quantities of inorganic phosphate, 
but experiments with it showed that while, under the influence of acids, 
the ‘soluble’ phosphorus increased in the usual manner, the inorganic 
phosphate remained constant. As these experiments were complicated 
by this inorganic phosphate, which can readily be removed by extraction 
with water, I will proceed to the experiments with the tissue from 
Tapie III. Om testis, free from lecithin-like compounds, and also from 


inorganic phosphates, i.e. testis containing presumably only nuclein 


HNO, added. 
| 50 cc. of digest as Inorganic 
Sample taken at commencement contained 38 Absent 
» after 24 hours contained 14°2 ” 
” ” 48 ” 16°2 ” 


” ” 168 ” 17°5 ” 
| Total phosphorus in 50 c.c. =240 
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which this inorganic phosphate had also been removed. Table III 
shows that from such material no phosphorus is liberated as inorganic 
phosphate, ie. capable of being precipitated with ammonia and mag- 
nesium citrate, by digestion with acids for seven days at 38°. 

The above table shows that, from the nuclein bodies, acids liberate 
the phosphorus not as inorganic phosphate, but as some soluble organic 
compound in which the phosphorus is still masked. This soluble 
phosphorus compound does not react with either the nitric or the hydro- 
chloric molybdate reagent, Testis prepared as above may be hydrolysed 
on the water bath with hydrochloric or sulphuric acid until it gives no 
precipitate with tannic acid and yet none of the 3 reagents, i.e. ammonia 
and magnesium citrate, the hydrochloric molybdate or the nitro- 
molybdate, will show any inorganic phosphate. | ; 

The above figures show the reason for the failure of the nitro- or the _ 
hydrochloric molybdate reagent when applied to tissues; They show 
that acids readily remove most of the phosphorus from nuclein compounds 
in some soluble form but not as inorganic phosphate. The whole principle 
of the Lilienfeld-Monti-Macallum reaction is therefore wrong and all 
deductions as to the distribution of phosphorus compounds (other than 
inorganic orthophosphates) which have been deduced from the use of 
their reagents are valueless, _ on 
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Each sample was measured and analysed, and from the analytical results 


ON DIURNAL AND NOCTURNAL VARIATIONS IN THE 
EXCRETION OF URIC ACID. By J. B. LEATHES. | 


In studying certain aspects of nitrogenous metabolism the following 
procedure was adopted. A diet of sufficient caloric value was taken, 
which was distributed over six meals, all of which were identically the 
same, taken at regular intervals of three hours from seven in the 
morning till ten at night. This diet contained no purine derivatives in 
any form. The regular distribution of such a number of small meals 
was designed to eliminate as far as possible the irregularities in excretion 
which are caused by the digestion and assimilation of nitrogenous food- 
stuffs. And with the same object in view, not only were diuretic drinks 
such as tea and coffee omitted entirely from the diet, but the volume of 
fluid taken at each meal was the same throughout, as well as the 
amount and nature of the dissolved or solid foods. Between the hours 
of ten p.m. and seven a.m, it is‘true there was no intake either of solids 
or liquids: for the greater part of this time was taken up in sleep. But 
for eighteen hours out of the twenty-four the conditions were in many 
important respects the same. 

The urine was collected at the hours at which the meals were taken 
and another sample was obtained, or sometimes two, during the night. 


the rate was calculated at which each of the substances for which the 
data were obtained had been excreted in each of the periods of the day. 
In that way curves could be drawn indicating the variations in these 
rates ; and it is these curves that sum up the substance of this paper. _ 

The analyses were carried out as follows: (1) two samples were taken 
for the estimation of the total nitrogen by Kjeldahl’s method. = = 

(2) The creatinine was estimated colorimetrically by a method which 
in essentials is that described by Folin’. Both these determinations 
were carried out on the same day as, or at any rate within twenty-four 
hours of, the collection of the samples. i 


1 Folin. Zeits, fiir physiol, Chem, x11. p. 228, 1904. 
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(8) 50c.c. or when possible 100 or 150 cc. were measured off into 
stoppered bottles containing 10, 20 or 30 grs. of ammonium chloride and 
put aside for the estimation of uric acid at the end of the experiment. 


‘This was then done according to the modification of Hopkins’ method 
suggested by Wérner'’. 


The first experiment began on the 11th of August and ended on the 
23rd. During this time the food taken each day consisted of 2 quarts 
(2°28 litres) of milk, obtained from a large dairy supplying a product of 
nearly constant composition, 600 g. of bread and 110 g. of butter. The 
heat equivalent of this diet was calculated to be about 3500 cal. or just 
over 50 cal. perkg. of bodyweight. The daily nitrogen intake was about 
21:5 g. and the daily output in the urine from the fourth day on when 
the variations began to be insignificant was about 19 g. on an average. 
The total nitrogen and creatinine was estimated in the urine of each 
period of all these days, the uric acid similarly only during the last 
week. In the following table the figures, calculated from the results of 
the analyses, represent the amount of uric acid excreted in each hour 
of the period ending at the time indicated at the top of the column. 


_ Observed rates of uric acid excretion, in mg. per hour, during the periods ending at 
the hour of: 


7am. 10 a.m. 4 p.m, 7 p.m. 10 p.m. 

16 ° — 39°6 85°5 20°4 

23°5 26°7 (some loss) 37-2 30°3 26°6 27°2 

18 19°0 25°5 35°6 28°1 29°83 24-9 

19 230 8 84:7 80-7 25°7 276 

20 190 819 85°9 25°4 25-1 

21 29°6 370 BAT 26°5 19°9 

22 21°8 22-2 25°5 27°2 26°9 23°9 
23 23°4 26°6 26°4 

Calculated averages from the above observed rates : 
21-0 22°5 81:3 825 807 231 


? The hour at which the samples in this column were collected varied on the different 


In the second experiment, which began on Sept. 13 and ended on 
Sept. 26, the food consisted of biscuits (Huntley and Palmer’s plain 
arrowroot), butter and water. Of the biscuits six were taken at each 
meal, the weight of the daily ration being 540 g. with 36°5 g. of moisture. 
Three samples dried to constant weight contained 1-00, 1:15 and 0-97 *, 
of nitrogen, which gives a daily intake of nitrogen of about 5 g,, or a little 
1 Worner. Ibid. xxix. p. 70. 1900. 
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over 30 g. of proteid. The amount of butter taken in the day was the 
same as in the first experiment. This diet therefore contained less 
than a quarter of the amount of nitrogen contained in the diet of the 
earlier experiment, and in fact nitrogenous equilibrium was not attained 


on it. The heat equivalent also was very considerably lower than in 


the case of the earlier diet. Nevertheless the loss of weight was incon- 
siderable. The urine was collected and analysed as before and the 
following table is constructed: similarly to the last. 


Tasie II. 
Observed rates of uric acid excretion, in mg. per hour, during the periods ending at 
the hour of: 

$ a.m. 10 a.m. 1p.m. 4 p.m. p.m. 10 p.m. 

Sept. 17 248 24-8 21:4 
18 80 13°7 20-4 23°0 20°3 18°1 

19 14:1 15°6 25°6 23°9 19°5 

20 9°5 12°7 380 27°3 23°3 18°0 14°9 

21 121 17°9 22-2 23°7 26°0 23°5 

22 81 18°0 19°38 17°8 170 20°1 

23 8°5 8°3 11-2 176 17°5 

24 152 £187 22°6 22°7 


Calculated averages from the above observed rates: __ 
10°8 15-0 19-7 21'1 20°5 17°6 


The average rates of uric acid excretion in the corresponding 
periods of the different days, which are given in the last line of Tables I 
and II, are laid out in the form of curves in Fig. 1, in which the 
upper curve is that given by the results of Exp. I and the lower by 
those of Exp. II. In order to show more clearly the form of the curve 
of diurnal variations, it is extended over a period of 48 hours. The 
curves for the creatinine, and for the total amount of nitrogen excreted, 
calculated as averages in a similar way, are given for comparison, the 
former above the uric acid curves in Fig. 1, the latter in Fig. 2. 

It will be noticed that in the subject of these experiments at any 
rate there is a remarkable difference between the rate of uric acid 
excretion at different times in the day. It is very much slower at night 
than by day. The maximum is in the morning from ten to one, After 
this there is a steady decline till the minimum in the earlier part of the 
night, when the rate of excretion on the low nitrogen diet is less than 
half that found in the forenoon. In the first waking hours from seven 
to ten the rate is considerably increased, and in fact there is a fairly 
definite tendency for the rate to rise in the latter part of the night. 
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The “ty close agreement in the general form of the two curves 
obtained from the two experiments clearly shows that this variation in 
the different periods of the day is not merely accidental, but a general 
characteristic of the functions concerned. To prove however whether 
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74m \0 
Fig. 1. In the figure the ordinates give the average rate of excretion of uric acid and 
creatinine in centigrams per hour for each of the periods indicated on the abscissa. 
The Roman numbers in the left-hand column refer to ‘the number of the experiment. 
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Fig. 2. The figure constructed like Fig, 1 gives for the two experiments the rate of 
excretion of nitrogen in all forms expressed in diagrams per hour. 
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_ of the significance of uric acid among the nitrogenous excreta on such 
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‘it is due to idiosynerasy, or whether it indicates a physiological law of 


more general interest, experiments are being carried out on other 
subjects. These, together with experiments bearing on the interpre- 
tation of the phenomenon will form the subject of a second paper which is 
in preparation, and for which will be reserved the full discussion of this 


-and of other facts which are summed up in the curves of the rates of 


excretion of creatinine and total nitrogen which are also given in 
Table III. | 

For the present it will be sufficient to point out that the diminution 
of the rate of excretion of uric acid during the night, like the similar 
though less striking diminution in the rate of excretion of creatinine, 
cannot be explained as simply the result of diminished renal activity 
during sleep. For the accompanying curves indicating the variations — 


in the rate of total nitrogen excretion show that the kidneys, on a full 


nitrogen diet at any rate, are more active during sleep than during the 
waking hours of the day, and even on the low nitrogen diet of the 
second experiment are almost at their maximum activity in the night. — 
The low output of uric acid and creatinine during the night must be the 
expression of a diminished functional activity in some other organ or 
organs than the kidney. Now does it seem probable for the same reason 
that the explanation is to be found in diminished blood-pressure. The 
experiments now being carried out with a view to identifying the func- 
tions associated with the output of uric acid will be described shortly. 
One other point may be noted here: the results of the experiments 
are in agreement with those of Folin in giving a lower absolute uric 
acid value on a low nitrogen diet, although the percentage of the total 


- nitrogen excretion formed by the nitrogen of the uric acid is increased. 


The opposite result obtained by Burian and Schur, which led them to 
enunciate the law of constant uric acid excretion on a diet free from 
purine derivatives, has had evidence advanced in support of it by 
Walker Hall and others, and before Folin’s results were published | 
had found general acceptance. The divergence of the evidence on this 
point will be explained when it is possible to give a satisfactory account 


diets. 
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CONCLUSIONS. 


th these it was found that, a uniform purine- 
free diet is taken, the excretion of uric.acid is most active in the early 
waking hours and very. much less active at night. 


2. This is not a sign of variations in renal activity for the excretion 
of nitrogenous substances in general is as high during the —_ as 
during the day, or even higher. 


 -B& Itisa sign rather that there are corresponding variations in the 
formation of uric acid in the body at different periods in the day. 


4. Similar though less marked variations were found i in the rate at 
which creatinine is excreted. *s | 
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EXPERIMENTS ON THE ISOLATED MAMMALIAN 
HEART TO SHOW THE RELATION OF THE 
INORGANIC SALTS TO THE ACTION OF THE. 
- ACCELERATOR AND INHIBITORY NERVES. By 
H. HOWELL anp W. W. DUKE. 


(From the Po nent Laboratory of the Johns Hopkins University.) 


_ In previous papers one of us* has suggested the possibility that «the 


inhibitory influence of the vagus and the augmenting influence of the 
sympathetic upon the heart may be exerted through some intermediate — 
effect upon the potassium and calcium compounds in the heart tissue.” 
Experiments made upon the cold blooded heart with reference to the 
effect of potassium salts upon vagus inhibition seemed to support this 
view, and the following series of experiments were therefore made upon 
the mammalian heart with especial reference to the relations of the 
ealcium salts to the action of the accelerator nerves, Hering* has 
shown that the isolated mammalian heart, kept beating by a circulation 
of Ringer’s liquid through the coronary vessels, continues to show 
inhibition and acceleration when the corresponding nerves are stimu- 
lated. The accelerator nerve especially maintains its action for many 


hours. In Hering’s experiments the animal was bled first, and 


afterward the nerves were isolated and the other operations necessary 
for the artificial circulation were performed. Our first attempts followed 
this procedure, but were for the most part unfortunate, since by the 


time that the circulation was established the heart exhibited fibrillary = 


contractions, From this condition the heart could be resuscitated 
usually by Hering’s method of first bringing it to complete standstill by 
injecting a strong solution of potassium chloride (1 p.c.), and then 


During portion of this investigation the authors were assisted by Mr J. 
junior, to whom they desire to express their thanks. 


pp. 280—294. 1906, 
* H.E, Hering, Arch. f. d. ges. Physiol. xorx. pp. 245-252. 1903. 
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circulating the Ringer's liquid. We found it more advantageous, 
however, to so perform the operation as to keep the heart beating until 
the Ringer's solution was turned on. In this way the heart continued 
to beat without interruption and fibrillary contractions did not appear. 
Our method was as follows. The animals used were cats, since it was 
found that the heart of this animal beats more certainly on the artificial 
circulation than that of dogs. We had in fact no failures with the 
heart: of this animal. The cats were anesthetized with ether. The 


upper portion of the sternum was resected, the internal mammary 


arteries were ligated, artificial respiration was established and the chest 
was then widely opened on both sides. The brachio-cephalie artery 
was clamped close to the aorta and the inflow cannula for the artificial 
circulation was inserted. The left subclavian was then ligated at the 
level of the annulus of Vieussen and a loose ligature was laid round 


_ the aorta just beyond the origin of the left subclavian. The aorta was — 
opened. beyond this ligature, and the artificial circulation was turned on | 


through the brachio-cephalic. After running for a few minutes, to wash 
out the blood, the aortic ligature was tied and the inferior vena cava was 
opened widely near the auricle. The heart was then beating upon the 
Ringer's mixture, and while this was circulating the accelerator nerve 


was prepared for stimulation, the pericardium was opened freely, and — 


levers were attached to the left auricle and the right ventricle to record 
their movements. The accelerator nerve of the left side was used in all 
cases. Most observers state that the accelerator of the right side is 
more effective, but for our purpose the nerve on the left side was more 
convenient and it was found to give in all cases very marked accelera- 
tion and augmentation. As described by Boehm! the large stellate 
ganglion in the cat gives off the two nerves forming the annulus, and 
close to the origin of the one which runs ventral to the subclavian sends 
off .also a large branch, the nervus accelerans, or nervus cardiacus e 


ganglio stellato, toward the heart. A ‘third smaller branch arises in- 
_~ Some cases from the ganglion close to the two mentioned and runs toward 


the heart along the subclavian artery. These three branches, 1, 2 and 3 
_ in the accompanying sketch (Fig. 1), were usually stimulated together, 
since each of them might contain accelerator or augmentor fibres and they 
arise so near together that it is convenient to lift them on the electrodes 
in a bunch. In some cases branch 3, the nervus accelerans proper, 
when it happened to be well developed, was stimulated alone. ‘ The 
individual animals differed somewhat in respect to the size of this 
‘BR. Boehm. Arch. f. exp. Pathol. u. Pharmakol. rv. p. 255. 1875. 
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branch. To record the movements of the heart the pericardium. was 
first opened freely and the apex of the heart was then anchored by 
passing a hook through it and tying the ligature from the hook to some 
fixed point. Hooks were then inserted into the tip of the left auricular 
appendage and into the lateral surface of the right ventricle. Through 
ligatures attached to these hooks the movements of these chambers 
were communicated to receiving tambours conveniently placed, and 
thence by connecting tubing to recording tambours which’ wrote 
upon the blackened paper of a Htirthle kymographion. A time pen 
and a stimulating pen recorded on the same surface. _ 


Fig. 1. Sketch to show the accelerator (and augmentor) branches from the stellate 
ganglion (in the cat) which were stimulated in these experiments. 

1, the ventral branch of the annulus, 2, small branch not constantly present. ~ 

8, Boehm’s accelerator nerve (n. cardiacus e ganglio stellato). 


- To maintain the beats of the heart Locke’s modification of Ringer's 
solution was employed. This mixture contained sodium choloride 0°9 p.c., 
calcium chloride 0°023 p.c., potassium chloride 0025 p.c., sodium bicar- 
bonate 0:02 p.c., and dextrose 0°10 p.c.- The solution was fed from large 
bottles arranged as Mariotte’s flasks to maintain a constant pressure, and 
the air tube of these flasks was connected with a large gasometer con- 
taining oxygen, so that the circulating medium was kept constantly under 
@ pressure of one atmosphere of oxygen. The liquid was supplied to 
the coronary artery at a low temperature, 30° to 35°C, and at 
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a comparatively low pressure of 60 to 65 mms. of mercury. - . Under 
these conditions the heart beat very well indeed for several hours ; 
stimulation of the vagus nerve gave typical inhibition at the beginning 
of the experiment, but usually ceased to have an effect after the first 
hour or so, Stimulation of the accelerators on the contrary gave 
excellent results throughout the four or five hours for which the 
experiments were continued, unless the heart was injured by extreme 
variations of the composition of the circulating liquid. | 


Action of the accelerator nerve when the heart was fed with the 
standard Ringer's miature. As stated above all stimulations of the 


accelerators were made upon the left. side, When the heart was — 


running on the standard mixture containing 0-023 p.c. of calcium chloride 
and 0°025 p.c. of potassium chloride an adequate stimulus gave a marked 
acceleration as well as augmentation. The latter feature was especially 
marked. An increase in the force of the beat was always the first 
indication of an effect. In some cases the augmentation occurred 
_ without acceleration, and in some cases reduction in the strength of the 


_ Fig. 2. To show the acceleration and augmentation produced by a strong stimulus (100). 
The upper curve gives the ventricular contractions, the lower one the auricular con- 
tractions. The lowermost line gives the time in seconds, and the line above indicates 
the duration of the stimulation of the accelerator nerve. 


_ Fig. 8. To show the acceleration and augmentation produced by a moderate stimulus (50). 
The upper curve gives the ventricular contractions, the lower one the auricular con- 
‘fractions. 
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stimulus was followed by a disappearance of the accelération while the 
augmentation still remained. Figures 2 and 3 give typical examples 
of the usual effect obtained, and the following data illustrate the fact 
that the augmentation may occur independently of the acceleration. 


Stimulus! Acceleration Augmentation (Ventricle) 

Exp. 18. 50 None (102) 11 to 16 mm. 

50 None (105) 9 to 18 mm. 

Exp. 11, 150 81 to 129 20 to 80 mm, 

is ae 80 81t0102 14 to 24 mm. 

70 None (81) 14 to 16 mm. 

Exp. 15. 50 94510105 4 to 12°5 mm, 

20 None (87) 5 to 11 mm. 


1 The strength of the stimulus is expressed in current units as given upon a Petzold 
_ So far as the accelerators of the left side are concerned, augmentation 
rather than acceleration was the predominating effect upon the heart. 
In some cases when the stimulus was strong the augmentation in force 
of the beat was remarkable, both auricles and ventricles contracting 
with a vigour which was in marked contrast to their normal beats. The 
tambour records did not always transcribe faithfully the full effect of 
this increase. The fact that in certain hearts augmentation alone was 
obtained, and in others the same result followed upon a diminution in 
the strength of the stimulus or in the concentration of the calcium in 
the circulating liquid, indicates strongly the correctness of the view 
that these two effects depend upon the activity of separate fibres. The 
augmentor fibres respond to weaker stimuli, or at least the augmentor 
effect comes out more easily than that of acceleration, just as in the 
action of the ‘vagus fibres a weakening of the beat may be obtained with 
minimal stimuli without any effect upon the rate. In only one of 
the experiments performed was there any indication of a reverse action, 
a condition namely in which the nerve gave acceleration without 
augmentation. In this experiment the vagus had been stimulated 
above the arch of the aorta until it ceased to give a visible response. 
The vagus together with some of the neighbouring accelerator branches 
which run from the ganglion to the arch of the aorta was then 
stimulated. The result was a marked acceleration, while the force was 
diminished rather than increased. As this effect was never obtained 
when the accelerator was stimulated alone, it seems probable that the 
vagus may have been still sufficiently irritable to have caused a 
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weakening of the beat and thus obscured the augmenting effect of 
the accelerators. The explanation assumes that the augmentor and 
accelerator fibres are distinct and that the minimal vagus action 
antagonized only the effect of the augmentors, An example of this 
effect is given in Fig. 4. The stimulations used were as a rule of short 


Fig. 4. To show acceleration without augmentation. Only the contractions of the auricle : 


are shown. The time in intervals of two seconds and the duration of the stimulus 
are indicated on the two lower lines. 


duration, 10 to 30 seconds, the stimulus being removed as soon as the 
heart began to show a marked effect. The latent period, difficult to 
determine with exactness, was shorter the stronger the stimulus. For 
example, in Exp. 15 the latent period with’ a stimulus of 50 was 
7 seconds, with a stimulus of 20 it was 13 seconds, and with a stimulus 
of 10 about 35 seconds. When the stimulus was strong, or was 
continued for a long time, evidences of fatigue were noticeable, 
especially toward the end of the experiment. Fig. 5 gives an instance 


Fig. 5. To show that the acceleration aud augmentation produced by a strong stimulus 
(100) may disappear when the stimulus is maintained for a long period. This record 
was obtained at the end of an experiment after the heart had been subjected to a 
number of stimulations and injections. The bottom line gives the time in seconds ; 
the line above indicates the duration of the stimulation. 


in which with a long continued stimulus the acceleration and augment- 


ation passed off completely before the end of the stimulation. This 
stimulation was made after the heart had been isolated for some hours 


and had been frequently stimulated under varying conditions. In 
other cases it was noticed that after the acceleration produced by the 
stimulus had passed off there was fora time a marked diminution in rate 
below the normal, a phenomenon which, as stated below, was usually 
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: apparent after injection of solutions _— an excess of calcium 
chloride. 


Effect on the the per- 
centage of calcium chloride in the cireulating liquid. In regard to vagus 
inhibition it has been shown that within certain limits an increase in 
the potassium contents of the circulating liquid is accompanied by an 
increased sensitiveness to vagus inhibition and, on the. other hand, 
a complete removal of the potassium salts is followed by a marked 
diminution in or loss of the phenomenon of vagus inhibition’. The 
chief object of our experiments was to determine whether a similar — 
relationship can be established between the calcium contents and the 
action of the accelerator nerves, For this purpose numerous experiments 
were made in which the calcium chloride in the circulating liquid .was 
varied from 0-006 p.c. to 0092 p.c. The results of these experiments were 
somewhat inconstant ; that is to say, in some cases small changes in the 
calcium contents maids no difference in the effects of stimulation, while 
in other cases a distinct and constant result was obtained. In general 
it was found that an increase in the calcium chloride from 0-006 p.c. to 
0°046 p.c. favoured the action of the nerve, in some cases in a very marked 
way. An increase to or above 0°069 p.c., on the contrary, had an opposite 
effect. When the calcium chloride was removed entirely the heart soon 
ceased to beat, or beat so feebly and irregularly that no satisfactory 
observations could be made upon its rate or strength. With a content 
of 0006 p.c. of calcium chloride the heart beat feebly and the ventricle in 
some cases exhibited irregular contractions, oftentimes an alternating . 
- beat. Under such conditions stimulation of the accelerators with 
weak stimuli had no effect’, or at best caused a slight augmentation. 
Stronger stimuli caused a greater augmentation and, perhaps, a short 
lasting acceleration during which the ventricular beats became regular. 
An increase in the percentage of calcium chloride from this point was 
accompanied always by a marked improvement in the force of the heart- 
beat, increasing as the calcium was increased. The effect upon the rate 
was variable, so far at least as the permanent effect was coneerned. In 
some cases it remained unchanged, in others the rate was quickened, 

while in others still there was a slower beat, particularly when the per- 
’ centage of calcium chloride exceeded 0°05 p.c. When the percentage of 
calcium chloride reached normal, that is to say 0°023 p.c., weak stimula- 
tion of the accelerators which had previously been ineffective now, as a 


1 Howell, loc. cit. 1906. 
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rulé, caused marked augmentation or augmentation and acceleration. : 
An increase to 0046 or 0:069 p.c. might result in a still more.marked 
effect from stimulation of the accelerators, but when this limit was 
passed and the heart was beating with abnormal force on account of the 
high calcium content, stimulation of the accelerators ceased to have an 
effect. . The condition seems to be parallel to that observed in the 
relation between potassium and vagus inhibition. | 

Increase in the potassium contents favours the vagus inhibition, until 
the potassium percentage is so high as itself to cause a marked slowing 
and weakening of the beats; at this point stimulation of the vagus 
ceases to affect the heart. The following specific instances may be 
quoted to show this favourable action of the increase in calcium upon the 
effect of stimulating the accelerators. The heart was allowed to run on 


—_— 


each percentage of calcium chloride for at least five minutes before — q 
stimulating the accelerator nerves. a 
Exp li 046 79°5 to 102 to 24 mm. 
80 None (90—-90) %to0 18mm. 
80 _ 2to5mm. 
| (0011: 20--30 _ None (79°5—79°5) None (6 mm.) 
0-006 40 None (90—93) None (2 mm.) 
| 0-028 40 87t0188 8 to mm. 
Exp 84 to 108 10 to 16 mm. 
| 0-006 20 None Noné (ventricle irregular) 
0-028 20 96 to 114  7to 12 mm. | 
Exp 15 50 901096 8 to 10 mm. 
' 50 94 to 106 4 to 12°5 mm. 
3 0-046 20 None (87) 5 to 11 mm. 
0-023 20 None (90)  #to8 mm. | d 
10-069 20 - 88 to 108 5 to 10 mm. | 
: 0-028 20 78 to 96  § to8 mm. ; 
0-006 20 (64) ‘None 
0023 66 to 90 6 to 9 
0-028 20t0 100 None (99) None 
0046 10  t072 
0-046 60 54 to 78 


oe record from one of these experiments is given in Fig. 6 A and B. 
It shows more clearly perhaps than the figures in the tables the striking 
difference, on stimulation of the accelerators, between a heart fed upon 
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‘a subnormal amount of calcium salt and one supplied with. a moderate 
excess of this important constituent, 


i Fig. 6A. ‘To show the negative result of stimulating the accelerator nerve (40) after the 

: heart had been beating for 15 mins. on a Ringer’s mixture containing 0°006 per cent. 
of calcium chloride. The upper curve gives the ventricular contractions ; the lower 
_ one the auricular contractions. 


Fig. 6B. To show the positive effect of the same stimulus (40) applied to the accelerator 
| of calcium chloride to one containing 0-023 per cent. 


Permanent effect of variations in the calcium chloride upon the heart- 
rate. The experiments referred to in the preceding paragraph were 
practically uniform in showing that an increase in the percentage of 
calcium chloride in the circulating liquid is accompanied by a permanent 
increase in the force and amplitude of the heart-beat. This observation 
has been recorded, indeed, by several observers for the mammalian 
heart’, The permanent effect of this increase in calcium contents upon 
the rate of beat of the heart was less constant. As our experiments 
were made there was some difficulty in keeping the temperature 
absolutely constant, and this variation was a disturbing factor. While — 
the flasks containing the circulating liquids were all kept in the same 


B.Gross. Arch. f. a. ges. Physiol. xorx. 1908. | 
and W. Hueck. Ibid. xovi. pp. 478—485. 1908.- 
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warm bath, there was frequently a difference of half a degree to a degree 
Centigrade which obscured the results following a change in the calcium 
concentration. When this factor was eliminated, however, and the 
temperature of the liquid, measured just at its entrance to the heart, 

remained uniform the results were still variable. Doubling the amount 


of calcium sometimes left the rate unchanged, sometimes caused a 


permanent increase in rate, and in some cases caused a slightly lower 
rate of beat. In general, however, it was found that a marked decrease 
in calcium, from 0023 to 0°006 p.c., was followed by a more rapid though 
feebler beat, while a large increase, from 0°023 to 0:069 or 0°092 p.c., gave a 
more powerful but slower beat. In this latter case, moreover, it frequently 
happened that a partial block was established between auricles and 
ventricles, the rate of the latter falling to one-half, so that there was a 


two to one rhythm. In order to determine the initial effect of an — 


increase in the calcium salts and to determine how far this effect 
corresponded. with the result of stimulating the accelerator nerves, 
a series of experiments was made in which the calcium percentage was 
raised suddenly by injecting strong solutions directly into the heart. 


Effect of injections of calcium chloride. In these experiments 
a warm solution of Ringer's mixture containing an excess of calcium 
_ chloride, 0°2 to 1-2-p:c., was allowed to run into the heart from a burette, 
while the heart was beating on a constant supply of the standard 


mixture containing 0-023 p.c. of calcium chloride. Five to twenty-five. 


cubic centimetres of the strong solution were forced in at each injection. 
The effect of these injections was in every case to cause a marked 


increase in the amplitude of the beats of both auricles and ventricles. 
The beats increased gradually in force to a maximum and then declined to _ 


Fig. 7. To show the augmentation and acceleration caused by an injection of an excess 

of calcium chloride into the circulating liquid. 25 c.c. of warm Ringer's solution 
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their normal size just as in the case of stimulation of the accelerators. An 
illustration of this effect is given in Fig. 7, representing the result of 
an injection of 25 c.c. of a Ringer's mixture containing 1 p.c. of calcium 
chloride. The effect of these injections upon-the rate of beat was, however, 
less constant. In some cases, particularly when the increase in calcium — 
was relatively small, there was no change at all in rate; the heart-beats 
_ showed- simply an augmentation: In other cases, particularly with 
strong doses, there was a distinct although not marked acceleration 
which might be followed, as after stimulation of the accelerator nerves, 
by a fallin the rate below the normal. In the experiment chosen for 
illustration, Fig. 7, it will be noted that there is an increase in rate 
_ from 108 to 114 beats per minute. The effect upon the rate was most 
marked when the heart had been previously submitted to the action of 
an excess of potassium chloride, so as to cause a marked slowing or — 
complete inhibition. In such cases an injection of calcium chloride 
caused the heart to beat, if it was previously completely inhibited, and 
the beats, at first slow, increased to a very rapid rate and then again fell 
off to a state perhaps of complete inhibition. If the increase in calcium 
contents was not too large and the injection was not made too suddenly 
the contractions of both auricles and ventricles increased uniformly in 
size and perhaps in rate without any indication of irregularity in 
rhythm. With strong doses, however, the ventricle especially might 
show a temporary arhythm and irregularity, as from overstimulation ; 
an effect which, it may be noted, was not infrequently observed also 
deilie stimulation of the accelerator nerves. In fact the effect upon 
the heart of a sudden temporary increase in the calcium contents of the 
circulating liquid bore a striking resemblance to the effect of stimulating 
the accelerators. Frequently one could not tell from the records alone 
_ whether a given effect had been obtained by stimulating the accelerators 
or by. injecting calcium solutions; the most marked difference between 
the two actions was that. stiteclation of the nerve as a rule caused 
a more marked acceleration. 


Eifect of injecting of eodium or potassium chloride. Experi- 
- nents -were made similar to those just described with the exception 
that the solutions injected contained an excess of either sodium or 
potassium chloride. Regarding the latter substance the effect was that 
usually described. The size and rate of the beats were diminished, 
and, it the concentration was sufficient, the heart was brought to rest in 
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to a normal beat when the standard Ringer's mixture was allowed to 

- flow through it. - When the sodium chloride was injected the first effect 
was @ diminution in size of the heart-beats, affecting both auricles and 
ventricles, without any change in rate: If the dose was small (10 c.c. of 
solution containing 2 p.c. of sodium chloride) this effect was very tem- 
porary; the heart soon returned to its normal beat. With stronger 
solutions (10 to 15 cc, of a 5 p.c, solution) the weakening of the beat was 
more pronounced, so that a scarcely visible record was obtained. From 
this condition the heart recovered somewhat slowly and then for a time 
gave a series of beats larger than normal, but at a somewhat slower rate. 
The effect of variations in the concentration of the potassium chloride 
upon the action of the accelerator nerves. A few experiments were made 
to determine what effect, if any, is exerted upon the action of the 
accelerator nerves by moderate changes in the concentration of the 
potassium chloride of the. Ringer's mixture. The results of these 
experiments were not so definite as in the case of the similar ones 
made with calcium chloride. In the records obtained the only constant 
result observed was that as the percentage of potassium was increased 
the rate and especially the size of the beats were diminished, and upon 


stimulating the accelerators the augmentation obtained was progressively _ 
less marked. As regards the effect upon acceleration it was found that ~ 


when the amount of potassium was sufficient to give a marked slowing 
of the beat the percentage acceleration was increased, although the 


_ absolute rate was less than upon the standard mixture.’ The nature of | 


the results obtained may be seen si the following summary of two 


of Ka during ot 
Exp. 17 0025 73510108 9 to 12 mm. 
0-037 69 to 108 mm. 
0-050 645t0108 5 to 8°5 mm. 
0-075 46°6 to 90 4to6mm, 
0-125 Complete inhibition 
0-025 4995%0126 mm. 
0-018 5 to mm. 
0-025 9to6mm. ....... 
0-000 None (84 to 87). 18 to 16 mm, 
0-025 None(105) = 18 mm... 
0-050 None (93) to 14 mm. 
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__ Stimulation of the accelerator nerve during complete potassium 
inhibition. When the percentage of potassium chloride in the circu- 
lating mixture was increased to 0°100 or 0°125 the heart was completely 
inhibited. So far as could be determined by careful inspection all parts 
of the heart were completely at rest. Stimulation of the accelerator 
nerve with strong stimuli under these conditions called forth a short or 
long series of beats which showed the usual increase in size and rate to 
&@ maximum and a subsequent decline to zero. The duration of this 
series of contractions and the maximum rate reached depended on the 
depth of the potassium inhibition and the strength of the stimulus. 
Fig. 8 gives a typical instance of this effect. The heart. had been 


Fig. 8 To ‘oe the series of beats caused by stimulation of the accelerator nerve while 
the heart was in a condition of complete potassium inhibition produced by a Ringer’s 
mixture containing 0-1 per cent. of potassium chloride. Upper record shows the 
contractions of the right ventricle; the lower one the contractions of the left auricle. 
The duration of the stimulus is indicated by the break in the bottom line. Time in 


stopped with a Ringer's mixture containing 0100 p.c. of potassium 
chloride. A very strong stimulus was thrown into the nerve. 
The first effect, after a long latent period, was the appearance of 
feeble but regular contractions of the auricles, too weak to be 


_ registered, These increased in strength and finally the ventricle began 


to beat with increasing force. After the cessation of the stimulus, the 
beats rapidly decreased in force and rate. In another instance the 
heart. was stopped on a mixture containing 0°125 p.c. of. potassium 
chloride. A strong stimulus (300) applied for 46 seconds caused a series 
of feeble beats lasting 4 minutes. The heart was then given a mixture 
containing only 0°075 p.c. of potassium chloride. It failed to beat on this 


‘mixture, but evidently the intensity of the inhibition was diminished, 
“since the same stimulus applied to the nerve for 25 seconds aroused a 


series of forcible beats which continued for over 3 minutes. There has 
been some question whether the accelerator nerve, like a true motor nerve, 
is capable of stimulating the quiescent ventricle, giving rise therefore 
to the production of a so-called inner stimulus, or whether its activity 
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144 W. H. HOWELL AND W. W. DUKE. — 
is confined to regulating the rate and strength of the spontaneously 


beating heart. The apparent cases in which after muscarin or heat 


standstill the heart has been made to beat during stimulation of the 
accelerator nerves have been explained away by Gaskell? on the 
supposition that the sinus end of the heart was still beating and that 
stimulation of the accelerators simply strengthened and established 
this rhythm by removing the block. Hering* reports that he has 
made the auricle beat by stimulation of the accelerator after it had 
been brought to rest by potassium, stoppage of circulation, etc. In all 
such cases however it seems that the ventricle was either beating or 
fibrillating. In our cases of potassium inhibition no contraction of 
any kind could be detected in either the guricles or the ventricles, and 
it would seem to be entirely gratuitous to assume that spontaneous 


contractions too small to be visible were still taking place. One might — 


with equal right assume that in vagus inhibition also the rhythm is 
never suspended, but that the contractions are simply rendered invisible. 
It seems to the authors that there can be no reasonable doubt of the 
fact that in these experiments the heart during the potassium inhibition 
was absolutely at rest, the automatic rhythm was entirely suspended, 
and from this condition of rest the Heart was stimulated to give a series 
of beats by excitation of the accelerator nerves. A very similar effect 
may be produced upon the heart while in a condition of potassium 
inhibition by injecting a mixture containing an excess of calcium 
chloride. Whatever may be the nature of the initial process leading to 
a normal heart-beat it is one that may be aroused by nerve impulses sent 
through the accelerator nerve fibres or by increasing the amount of 
calcium compounds in the circulation liquid. The similarity under 
these conditions between the effect of stimulating the accelerator fibres 
and of increasing the amount of calcium in the circulating liquid is 


Some observations on the effect of stimulating the vagus nerve in the 
isolated heart. It was found in our experiments that the inhibitory 
mechanism of the heart lost its irritability much sooner than the 
accelerator apparatus, On this account comparative experiments upon 


the effect on inhibition of variations in the concentration of the salts 


were difficult to interpret. So far as our results went they mapported 


1 W.H. Gaskell. Test-book of Physiology, edited by Schiifer, 11. p. 217. 1900. 
* H. E. Hering. “Einiges tiber die Ureprangsreize des Saéugethierherzens und ihre 
Beziehung zum Accelerans.” Zentralb. f. Physiol. xrx. pp. 129—186.. 1906. 
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those described: by one of us from experiments upon the cold-blooded 
heart, that is, an increase in the potassium salts favoured the action of 
the inhibitory fibres, while a decrease or total removal of this constituent 
lessened the effect of stimulating these fibres. On the other hand, 
variations in the calcium concentration exerted no perceptible effect on 
stimulation of the vagus. Thus in one experiment complete inhibition 
was obtained with current strengths of 15 when the heart was fed with — 
Ringer’s mixtures whose percentage of calcium chloride varied from 
0023 to 0092; and with a stimulus of 10 a weakening of the force of 
the beat was shaecved. When the potassium was reduced to zero, the 
calcium chloride being normal (0°023) no inhibition could be obtained 
with current strengths of 30. On changing the solution to one 
containing 0°025p.c. of potassium chloride a stimulus of 30 caused 
inhibition of the auricles. The recorded effects of vagus stimulation 
showed some interesting variations. - Usually as the strength of the 
stimulus was reduced the effect upon the heart-rate fell out, the only 
result of the stimulation being a marked reduction in the force of the 
beat either of both chambers or of the auricles alone. In some cases 
vagus stimulation of a certain strength caused a reduction in the force 
of the auricular beat almost to the point of invisibility without exercising 
any influence upon the force of the ventricular beat, while in other-cases 
the ventricle ceased to beat some time before the auricles, This last 
result was interesting as indicating that the vagus nerve may have a 
direct influence upon the ventricles, a point that has been rendered 
doubtful for the mammalian heart by recent work’. 

Such an effect as the one last mentioned may of course be explained 
either, by supposing that the vagus affected the ventricles more promptly 
than the auricles, or by assuming that as the force of the auricular beats 
gradually declined: the auricular impulse became too feeble to stimulate 
the ventricles, and the contractions of these chambers stopped therefore 
before the auricles were completely inhibited. In one interesting case, 
however, reproduced in Fig 9, the ventricular beats were slowed and 
weakened, while the auricular beats were slowed and augmented. Such 
a result as this can scarcely be understood except upon the view that _ 
the, vagus fibres end in the ventricular muscle and are capable of 
affecting its contractions directly. In all of these experiments, however, 
as in those described by other observers, the general fact was clear that 
of the vagus upon the is more pronounced than 


‘a and Hirschfelder... Amer. Journ, xv. p. 1906. - 
PH. XXXV. 10 
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upon the ventricles, Another interesting point observed in several 
cases was that after circulating a mixture containing no potassium 
chloride, a sudden change to the standard mixture with potassium 
chloride at 0:028 p.c. was followed by a complete inhibition of the heart- 
beat for a number of seconds. From this‘ condition the heart soon 
recovered and beat with its accustomed regularity. It would seem that 


after reducing the amount of diffusible potassium salts in the heart — 
tissues a sudden change to the normal amount may resultina temporary - 
‘potassium inhibition. | 


Fig. 9. An instance of vagus stimulation in which, while both auricle and ventricle were 


slowed, the contractions of the ventricle (upper curve, right ventricle) were weakened, 
while those of the auricle (lower curve, left auricle) were augmented. The result 
indicates that the vagus fibres have some direct control over the ventricle. | 


Theoretical considerations. As stated at the beginning of the paper, 
the central idea of the investigation was to determine the relation 
between the concentration of the calcium chloride in the circulatory 
medium and the action of the accelerator nerve. The-results show that 
the action of this nerve is distinctly favoured by an increase in the 
calcium constituent within limits not too extreme. Moreover a sudden 
temporary increase in the calcium contents produced by injecting strong 
solutions of calcium chloride gives effects which closely simulate those 
produced by stimulating the accelerator nerve. A resemblance between 
the two effects was observed not only in the general character of the 
records, but also in some of the subsidiary and occasional features. 
Thus in one experiment stimulation of the accelerators, contrary to the 
rule, caused first a slight diminution in the size of the beat before the 
regularly increasing augmentation set in. Injection of calcium solutions 
gave a record in which the same peculiarity was shown. The after- 
effects, of the two actions were also alike in that frequently while the 
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effect of the stimulus or the injection was passing off there was a 


distinct slowing of the rate of beat for a short time. Strong stimulation 
of the nerve; like large injections of the calcium solution, caused 
occasionally a passing irregularity in the ventricular beat before it 
settled down to a regularly augmented rhythm. It will be remembered 
also that when the heart was thrown into complete diastole by the 
action of an excess of potassium chloride a series of beats might be 
aroused either by strong stimulation of the accelerator nerve or by 
injecting an appropriate amount of calcium chloride into the circulating 
liquid. These resemblances give some colour to the view that the action 
of the augmentor nerve impulses consists essentially in liberating 
calcium in diffusible form within the substance of the heart, in the same 
way that the vagus impulses may be supposed -to liberate diffusible 
potassium. One of us has elsewhere expressed the opinion’ that the 
spontaneous beat of the heart may be explained best in the light of our | 
present knowledge on the hypothesis that the energy-yielding material 
in the heart is combined with potassium or potassium salts to form 
a stable and slightly dissociable compound, and that under normal 
conditions the calcium salts in the tissue lymph react with the dis- 
sociated: portion of this material to form a calcium compound which is 
unstable and which breaks down spontaneously when a certain amount 
of calcium is combined. This latter dissociation may be regarded as 
the initial step in the heart contraction, and it is followed by an 
oxidation, or hydrolysis and oxidation, of the organic portion of the 


compound, whereby the energy of the contraction is furnished. The 


force of the contraction will depend ultimately upon the amount of the 
unstable calcium compound which is formed, and we may assume that 
this amount will vary with the relative proportions of calcium and 
potassium salts present in the tissue lymph. An excess of the former 


will lead to an augmented and perhaps an accelerated contraction, while 


an increase in the potassium will result in a diminished contraction, or, 
if the concentration is sufficient, in complete inhibition. If we suppose 
that the vagus fibres end in a portion of the muscular substance rich in 
potassium and that the effect of its impulses is to liberate an excess of 
this material by causing dissociation, while the accelerator fibres end in 
a calcium containing substance and that the effect of its impulses is to in- 
crease the number of calcium ions, then the opposite actions of these two 
nerves and the similarities shown to the effects of artificially increasing 


- ¥ Howell. Journ. Amer. Med. Assoc. Nos. 22, 23. 1906. 
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the concentration of the potassium and calcium salts respectively find a 


‘plausible explanation. So far as the accelerator nerve fibres are con- 


cerned it is frequently suggested that two varieties exist’, the accelerator 
fibres proper which increase the rate, and the augmentor fibres which — 


increase the size of the beat. The observations recorded in this paper are 


in accord with this view to the extent that augmentation was obtained 


frequently under certain conditions without an acceleration of rate, and 


in one experiment an acceleration occurred without augmentation. The — 
effect upon the heart of increasing the concentration of the calcium 


chloride in the circulating liquid was expressed mainly as an augmenta- 


tion of the beat, the effect upon rate was less marked and less constant, 


and not infrequeftly was absent altogether. The hypothesis outlined 
above applies especially therefore to the augmenting action of the 


accelerator nerve or to the action of the augmentor fibres. To make 


the hypothesis complete it would be necessary to assume further that 
the accelerator fibres proper, after the manner of the motor fibres to 
ordinary muscle, hasten prematurely the decomposition of the unstable 
calcium compound of the energy yielding substance, just as occurs when 
an electric shock is sent into the heart as an extra stimulus during the 
early part of diastole. In accordance with this form of the hypothesis 


acceleration might occur without augmentation or even with a weakened — 


beat, a result-that has been observed a number of times.’ On the other 
hand, the action of the augmentor fibres if stimulated alone or chiefly 
might cause an augmentation of the contractions with —_ or no 


change in rate. 
SUMMARY. 

The paper reports a series of experiments made upon ‘hs isolated 
“heart of the cat. In these experiments an effort was made to study 
the effect of stimulating the accelerator and the inhibitory nerves in 
relation to definite changes in the concentration of the several inorganic 
salts contained in the circulating liquid. Especial attention was paid to 
the relation between the concentration in ¢alcium salts and the action 
of the accelerator nerve. The following conclusions were reached. 


1, The mammalian heart kept beating upon an artificial circulation 
of Ringer's solution, as modified by Locke, shows the. effect. of stimu- 
lation of the accelerator nerves for many hours. In the animal used 


1B. Hunt. Amer. Journ, of Physiol. 1. pp. 8396—470. 1899. 
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(cat) the effect of stimulating the left, accelerator was an augmentation 


as well as acceleration. With strong stimuli the increase in the force _ 


of the heart-beat was remarkable. With weak stimuli augmentation 
alone as a rule was obtained. : 


‘2, An inerease in the snuialne of calcium chloride in the 
circulating liquid from 0006 to 0°092 p.c. caused a corresponding 
increase in the force of the auricular and ventricular beats. The 
permanent effect of changes in this constituent on the heart-rate was 
not constant. In general a very marked reduction in the calcium 
chloride (0006 to 0011 p.c.) was followed by a more rapid as well as. 
a more feeble beat. While a large increase (0069 to 0°092 p.c.) was 
followed by a much stronger but slower beat. Changes within these 
limits, while altering the force, might have no permanent effect upon — 
the rate of the beat. 


3. A sudden increase in the concentration of the calcium chloride, 
caused by injecting into the circulating mixture strong solutions of 
the salt, gave an effect similar to that caused by stimulation of the 
accelerator nerve. Both augmentation and acceleration might follow 
the injection, but the augmentation was the most pronounced and 
constant result. With small doses augmentation only was obtained. 


_ 4, A sudden increase in the concentration of the sodium chloride 
diminished the force of the beat although subsequently a slight 
augmentation might “result together with a reduction in the rate. 
Increase in the potassium chloride caused a weakening and slowing 
of the beat which terminated finally in potassium inhibition at a 
concentration of 0°100 to 0'125 p.c. 


5. Within certain Limite the action of the accelerator nerve was 
favoured by an increase in the concentration of the calcium chloride. 
At concentrations of 0°006 p.c. the effect of stimulating the nerve was 
uncertain and might be entirely negative. An increase beyond this 
point to 0046 p.c. restored the action of the accelerator and rendered 
the heart more sensitive to its influence. At concentrations of 0°009 to 
0-092 p.c. when the calcium effect upon the force of the beat was 
strongly marked, the accelerator might again fail to have an action on 
the heart. 


6. When the heart was brought completely to rest by an excess of 
potassium chloride, strong stimulation of the accelerator caused a series 
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of beats, the force and duration of which varied with the intensity of 
the potassium inhibition and the strength of the stimulus. 


7. Variations in the concentration of the potassium chloride had 
no distinct influence upon the action of the accelerator, except that as 


the force of the beat was diminished by the potassium the — 


effect of the accelerator was correspondingly reduced. 


8. Variations in the concentration of the calcium chloride seemed 
to have no distinct effect upon the inhibitory influence of the vagus 
nerve. | 


9.. Some evidence is furnished to show that the inhibitory influence 
of the vagus may be exerted upon the ventricles =, as = as 
indirectly through the auricles. 
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OBSERVATIONS ON HUMAN CHYLE. BrJ. MOLYNEUX 
HAMILL, M.A., M.B. (Cantab.), B.Sc. (Lond.), Sharpey Scholar, 


(From the Physiological Laboratory of University College, London.) 


THE difficulty of establishing and keeping permanent a chylous fistula 
in animals has been a formidable barrier to the experimental investiga- 
tion of the chyle flow. Further, the small amount of ‘chyle which can 
be obtained from animals and the difficulty of collecting it place 
additional obstacles in the way of accurate work. For these reasons the 
rare cases of chylous fistula or, if I may suggest the term, chylorrhea, 
which have been déscribed from time to time as occurring in man, afford 
a favourable opportunity both for the examination and analysis of the 
chyle and for the solution of problems relating to the absorption and 
utilisation of ingested fats and allied substances. 

Accounts of the chyle of man varying in degree and detail have 
been given by Johannes Miiller™, Marchand and Colberg™, 
Hensen™, Gubler and Quevenne™, and Munk and Rosenstein™. 
The chyle in these cases was obtained from a fistulous opening, the 
work of the last two investigators being the best and most exhaustive of 
any which has yet appeared upon the subject. There are also accounts 
of chylous ascites by Quincke™, Whitla™, I. Strauss™, Hase- 
broek™, and Minkowski™, and of chylous urine by Erben®, 
Chabrie, Brieger®, Grimm™, and Carter. Cases in which chyle, 
obtained from the cut thoracic duct, has been investigated are 
described by Rees“, Paton™, Carlier”, and H. Strauss™. 

_ The observations of the above workers have shown that the general 
characters of human chyle are the same as those of animals but their 
observations are incomplete in many points and it was desirable to take 


- any opportunity that offered of making a detailed examination under 
varying conditions. Such an opportunity was afforded to me by the 
kindness of Mr Barker. who had under his care in University College 
Hospital a patient with a chylous fistula. 
The patient was a well developed man, aged 20, weight 140 lbs. 
Except for the abnormality immediately to be described he enjoyed 
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fairly good health and applied for treatment only on account of the 
inconvenience which the condition occasioned. 

His lungs and heart were normal, and no enlarged lymphatic glands 
could anywhere be detected. Over the lower part of the abdomen below 
the umbilicus and to some extent over the right buttock was a soft 
cedematous swelling. The right thigh and leg were also involved but 
heré the oedema was much firmer in character than: in the abdominal 
region. The scrotum was but little affected. The skin in the region of 
the right groin was covered with a large number of vesicles varying in 


size from a pea to a walnut. On the summit of one of these vesicles — 
situated in the region of the saphenous opening was a small hole from 


which chyle issued. 

The abnormality was first noticed as a swelling in the groin when 
the patient was ten years old. Four years later it became septic and 
was diagnosed as a psoas abscess. An operation was performed and 


a large amount of watery fluid escaped, the wound closing up for the — 


time being. Eventually, however, it re-opened and allowed of the inter- 
mittent es¢ape of a thin watery fluid. Septic trouble supervened from 
time. to time, the swelling gradually extending, the fluid discharge 
becoming milky and increasing in quantity until the condition already 
described was attained. 

The lymphatic fistula with its accompanying cedema is probably due 
to congenital obstruction of the thoracic duct. 

The Chyle flow. From the open mouth of the fistulous opening in 
the upper part of the thigh made by the patient himself and main- 
tained by him as a means of relief a milky fluid constantly trickled 
away. The flow could easily be checked by a firmly adjusted bandage 
but as the fluid, which was constantly. being formed, accumulated in 
the subcutaneous lacunz the tension increased to such an extent as to 
become insupportable and had to be relieved by allowing some of the 


chyle to escape. At these times, when the controlling power of the 


bandage was removed the pent-up chyle spurted forth in a jet of consider- 
able force. In this way comfort could be obtained if about 100c.c. of 
fluid were drawn off each day. As we shall see later on, the daily 
production of chyle is enormously greater than this; it follows, therefore, 
that the blocking of the duct is by no means complete and that _— 
the pad and bandage are in position the greater part of the shyle 
is absorbed, probably through dilated collateral channels, its, 


being aided by the increase of pressure consequent continual 


accumulation of chyle behind the obstruction. - 
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I. THE CHARACTERS. OF THE 


‘The ohylé owed: frou the Satta, was an- opaque 
‘Avid’ when examined in bulk, however, the. colour of. samples was 
found to vary:slightly from time to time. Thus, sometimes the chyle 
was blaish-white, at others it had a yellowish tinge; the yellowish 
samples were always found to have the highest fat content. In no case, 
even after meals rich in fat, did the fat in the chyle separate out as a 
definite layer like cream on milk ; after standing for 24 hours the chyle 
remained homogeneous throughout. Munk and Rosenstein ™ observed. 
a separation into layers after their patient had been fed on mutton fat ; 
these observers also noticed that: the chyle lost its milky appearance 
. and became a translucent opalescent fluid after at least twelve hours 


. abstinence from food. I was never. able to obtain: thé, chyle in this 


condition owing to the patient's objecting to remain without food. for, 
the necessary period: The chyle collected before breakfast had a low 
fat content which gave it a characteristic bluish-white tint, this, 
however, was the: nearest approach I obtained to a fat-free chyle, — 
The chyle was without odour, it had a saltish taste and was alkaline . 
to litmus paper. © On standing for'a few minutes it clotted, forming 
a bulky loose coagulum which, after:a few hours, contracted down’ to ‘4 
small shreddy mass floating in the. main bulk of fluid. Clotting could 
be prevented ‘ifiithe ‘chyle were :received into a little potassium oxalate 
solution as it left:the -body. If calcium chloride were then added in 
excess of that required to remove the éxalate from the solution, the 
chyle’ clotted in a few minutes. -It has been stated by Miller that 
chyle on standing in air acquired a reddish colour ; this has been denied 
by:Owen Rees™, who says that the appearance was due to the contami- 
nation of the chyle with ted blood corpuscles., Munk also, in the chyle 
which he collected, failed to observe this alleged development of colour, 
My own observations are in entire agreement with these fwo ‘writers; in 
no sample of chyle which I er did-a — colour. ever severep on 


| of the chyle to’'the air, 
Qn microscopical examination of ‘he chylé the fat in 
: foul ‘of exceedingly minute particles floating in the surrounding fluid ; 
afew larger -droplets’ ofi:fat were also: present but these. were never 
so numerous nor so large .as:thoge which’ occur in milk.. A few 
— and, after the examination of several. fields, an occasional 
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isolated red blood corpuscle could be seen. If 100c.c. of oxalated chyle 
were centrifuged a small sediment separated out at the bottom of the ~ 
vessel. This sediment was faintly pink in colour and on microscopical 
examination was found to consist chiefly of leucocytes with a few red 
blood’ corpuscles and epithelial cells amongst them. The sediment 
obtained from the chyle collected during the period when the tissue 
surrounding the fistula was in a state of inflammation was slightly 
larger in amount and was much pinker owing to the presence of more 
red corpuscles. The number of red corpuscles in the chyle was of course 
a measure of the degree of contamination of the chyle with blood from 
the capillaries in the walls of the spaces in which the chyle was 
contained. It is thus evident that the chyle obtained when the 
patient’s temperature was normal was of a high degree of purity and 
exceedingly free from foreign elements derived from = structures with 
which it came into contact. 

‘The rate of the Chyle flow. In order to obtain some idea of the 
amount of chyle which could be produced in a day the bandage was 
removed from the fistulous opening and the chyle was allowed to 
trickle away into a vessel placed to receive it, In this way over 4 litres — 
of chyle were collected in twelve hours. The experiment was then 
discontinued at the patient’s request owing to the great exhaustion 
which it produced. Noel Paton™ estimated the flow in a case under — 
his observation at about 4 litres per day. 

_ The composition of the Chyle. -At midday as much chyle as possible 
was allowed to escape from the fistula which was then firmly bandaged. 
At 10p.m. of the same day the bandage was removed and the chyle 
which had formed during the interval was collected. The bandage was 
then ‘replaced and at midday of the following day the chyle formed 
during this second interval was also collected. The two samples thus 
obtained were then mixed and used for the following determinations :— 

The Specific gravity was 1:007. During this research three other 
measurements were made, none of which differed materially from the 
number given. 

The total Solids estimated in 403. grams of chyle sakaneh. to 
3°87 ‘/,. The ash from the same chyle was ‘83°/, of the whole. —’ 
‘The fat. 50 ec, of chyle were mixed with sand and evaporated to 
dryness on a water:bath. The residue was extracted in a Soxhlet with 
dry ether for 12 hours. The ether was then evaporated off from the 
extract and the fatty residue weighed ; "672 gms. of fat were obtained. 
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The estimation of the total nitrogen was made by Kjeldahl’s method. 
5 cc. of the chyle was found to contain 0182 gms. of nitrogen or 364 
gms. of nitrogen per 100c.c. of chyle. 

Nitrogen in the filtrate after treatment with trichloracetic acid. 100 c.c. 
of a 10°/, solution of trichloracetic acid in water were added to 100.c.c. 
of the chyle and the precipitate which formed was filtered off. The 
nitrogen in 25... of the filtrate was determined by Kjeldahl’s method 
and was found to be ‘0014 gms., or 0112 gms. of nitrogen per 100c.c. of 
chyle. Another portion of the filtrate was acidified with hydrochloric 
acid and treated with phosphotungstic acid. No precipitate occurred, 
showing the absence of such nitrogenous substances as peptones and 
diamino-acids. Thus by far the greatest part of the nitrogenous 
constituents of the chyle are precipitable by trichloracetic acid. The 
very small amount of nitrogen not so precipitated is probably due to 
traces of some simple amide such as urea, since a slight evolution of gas 
occurred when the filtrate from the trichloracetie acid precipitate was - 
treated with a solution of sodium hypobromite. 

For the estimation of Lecithin two samples of chyle collected during 
a period of 24 hours were mixed together. The amount of phosphorus 
in the ether extract obtained from this chyle was taken as a measure of 
_ the quantity of lecithin present. The method employed for estimating 
the phosphorus was a modification by Bayliss and Plimmer” of 
Neumann’s original method™. I found that the oxidation of the fat 
proceeded more rapidly when the nitric acid was added frequently and 
in small quantities as the mixture darkened in colour than when larger 
quantities at longer intervals were used. Two determinations gave the 
following results :— 


(1) gms. of ether extract 102c.c. NaOH. 


(2) 2°163 gms. of ether extract required wrchiog x NaOH. 


2 
which i is equivalent respectively to: 
(1). 12°98 mgs. of P,O,= 370 gms. P.O, per 100 gms. of ether 
extract, 
(2) 824mgs. of P,O,= ‘371 gms. P.O, per 100 gms. ether 
extract, 
or, 4204gms. of lecithin per 100 gms. of ether extract. 


- Oholesterin. 4320 gms. of ether extract were taken and saponified 
na, heating with alcoholic potash. The mass was evaporated to dryness 
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on'a water-bath and the residue extracted with ether. Theethereal 
extract was then evaporated. and the residue consisting of crystals of 
cholesterin was weighed. From 4320 gms..of ether extract "225 gms: 


of cholesterin were obtained, 1.¢. 5°2 gms. ‘of cholesterin per 100 me of 


ether extract. 

reducing sugar could be detected in chyle ; Febling’s 

solution showed no reduction when heated with the chyle itself‘or with 

the filtrate obtained from it after the addition of trichloracetic acid. — 
Enzymes. Grohé™, and later Hensen™ have demonstrated the 


presence of amylase in the chyle;:Munk and Rosenstein™, in the 


ease which they examined have confirmed these authors observations. 


The method I employed was as follows :—The chyle was filtered under — 


pressure through a clay filter, the operation was a slow one owing to the 
readiness with which the fat in the chyle blocked the pores of the filter. 
Eventually, however, a slightly opalescent filtrate was obtained.. Two 
test-tubes, each containing 1 c.c. of a boiled starch solution, were taken ; 
3 c.c. of chyle filtrate were added to oné-and 8 c.c. of boiled chyle filtrate 
to the other. Both tubes were kept at 37° C. with toluol for 15 hours. 


At the end of this time the: boiled tube gave no reduction when f 


heated with Fehling’s solution whereas the unboiled —_ gave -a 
heavy precipitate of cuprous oxide, - 

The presence of lipase in the filtrate was proved by two ais 
methods :—({1) Two test-tubes each containing 3¢.c. of the filtered 
chyle were taken; one of these was boiled and served as a control. 1 c.c. 
of neutral olive oil was then added to each tube and both were kept in 
the presence of toluol for 15 hours. At the end of this time the boiled 
tube was found to be still neutral whereas the unboiled tube required 


lee. of . 9 NaOH to neutralise it. The second method employed 


depends vt the fact that amyl salicylate i is split by a lipase into: amy! 
alcohol and salicylic acid, which latter gives a violet coloration with a 
drop of ferric chloride. . Amy] salicylate is for this purpose superior to 
other esters since it is very stable and does not easily hydrolyse in the 
presence of water alone. Two test-tubes each containing 1 c.c. of amy! 
salicylate were taken; 3c.c. of the filtered chyle was added to one tube 
and 8c.. of the boiled filtered chyle was added to the other as a control. 


The tubes were then kept at 37°C. for 15 hours in the presence of toluol. 


At the end of this time a drop of ferric chloride was added to each of 


the tubes. No alteratiin .was observed in the boiled tube but i in the | 


other a deep violet was produced. 
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II. THE DIURNAL VARIATION IN THE FAT CONTENT OF THE CHYLE. 


In estimating the diurnal variation in the fat content of the chyle 
the patient received his usual daily diet. For breakfast he had fish or 
eggs with tea, bread and butter at 8am. Dinner at noon consisted 
usually of meat, vegetables, and pudding. Tea, with bread and butter, 

was supplied at 4 p.m. and, in addition, at 7 p.m. the patient received a 
supper consisting of bread and meat or cheese. He complained of 
-always being hungry and ate his meals with relish; he, however, disliked 
fat and ate as little of it as possible. 

The chyle was, “collected in the following manner:—As much as 

possible was allowed to flow away at 


7 p.m. on the day before the experi- 
Es ment. At 8.30 am. on the following 
ome day the first sample was collected, this 
20 represented the chyle which had ac- 
"oy | cumulated during the night. The next 
‘ie sample was collected at 10.30 am. and 
sis | so on at two-hourly intervals throughout 
Bee, | - the day. The last sample was taken at 
iN 8.30 pm. The fat in 50 cc. of each of 
$17 these samples was then estimated by 
‘Ssh the method already described with the 
5 following result :— 
» a 
Time at which of chyle 
sample was taken ~ 
$13 (a) (0) 
8.30 a.m. 710 1-420 
fe 3 10.80 a.m. 697 1-304 
12.30 p.m. 645 1-290 
2.30 p.m. “788 1-576 
10 4.80 p.m. “882 1-764 
4 6.30 p.m. 2-455 4-910 
8.30 p.m. 1-357 2°714 
)— L Thus with the ordinary diet as given 
‘gl “ above the fat content of the chyle rises 
“BF 104 2+ 44 6+ 847ime. rapidly toa maximum about 6 or 7 hours 
‘Fig. 1. after the chief meal of the day. This 


of course corresponds with the time at 


which the food reaches the small intestine and at which fat-digestion 
is at its full height. 
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TL. THE RELATIONSHIP BETWEEN THE OHYLE-FAT AND 
_ THE FAT OF THE FOOD. 


_ The question as to whether the fat i in the chyle varies. in maton 
according to the kind of fat taken in the food has been exhaustively 
- investigated for the higher fats by Munk and Rosenstein™ and 
others. With regard, however, to the fats of the glycerides of the 
lower fatty acids such as butyric acid we know nothing with certainty. 
Analyses of human fat show amounts of the lower fatty acids small 


out of all proportion to the quantities taken iu with the food. Thus. 


Lebedeff™ found that human fat contained only 02 to ‘2°/, of volatile 
fatty acids and Jaeckle™ from an analysis of several samples of fat 


obtained a Reichert-Meiss| number varying from ‘2 to 3. What then 


is the fate of these lower fats present in considerable quantities in such 
foods as butter and milk and yet almost absent from the fat of the body ? 
In order, if possible, to obtain an answer to these questions the patient 

was fed on a diet rich in butter, the chyle was then collected and 
combat for the presence of lower fatty acids which occur in such 
large quantities in butter. 

The patient was given as much butter as he could eat at breakfast 
and again at dinner; in all, more than eight ounces were taken during 
the day. Before breakfast as much chyle as possible was allowed to 
drain away and after this the chyle was drawn off at intervals of two 
hours throughout the day till 10 p.m. The fat was then extracted in the 
way already mentioned from the whole of the chyle thus collected and, 
in the investigation to be described immediately, is called “ chyle butter- 
fat.” A sample of the butter which had been administered to the 
patient was then purified by washing it with water when melted, 
dissolving it in ether, drying the ether solution with calcium chloride 
and then evaporating off the ether; the fatty residue, called below 

“pure butter-fat,’ was now comparable with the residue from the 
ether extract of the chyle obtained after feeding with butter. 

The iodine value of these two fats was then determined and 
compared with the value obtained for ordinary chyle-fat obtained from 
the chyle collected some days previous to. the experiment when the 
patient was-on normal diet. The determinations were made by Wij’s 
modification of the original Hubl method. As Lewkowitsch™ has 
shown this method gives extremely accurate results and is much easier 


to use than the older process. The results ee 
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Ordinary chyle-fat 66°2— 
Butter chyle-fat 38-0 
Purified butter-fat 31:0 
values were also determined :— 
_ Ordinary chyle-fat 
Butter chyle-fat 30 
Purified butter-fat 27:5 


From these results we see that as far as the higher fats, e.g. olein, are 
concerned the chyle comes to resemble very closely the composition of 


the butter-fat taken in the food. Very different, however, is the 


behaviour of the lower fats. Quite an insignificant amount of volatile 
fatty acids appear in the chyle as compared with the quantity present in 
the butter ingested. We see then that although the lower fats appear 
to be absorbed and to pass into the chyle they disappear there with 
surprising rapidity. Cohnstein and Michaelis” have shown that 
blood exercises a lipolytic action on fats causing them to disappear with 
the production of substances insoluble in ether but soluble in alcohol. | 
The nature. of these products is as yet doubtful Mayer™ has found 
that the sodium salts even of the lower fatty acids exert a toxic effect 
when injected into the blood stream, the toxicity increasing as we ascend 
the series. Munk has shown that sodium oleate when injected is 
markedly toxic; on the other hand oleic acid itself produces no ill 
effects. In this connection, however, the nature of the products formed 
need not detain us; that lipolysis is the mechanism by which the 
disappearance of the fats is brought about seems to be established ™ 
and, we can account for the rapid disappearance of the lower fats on the 
assumption that lipolysis proceeds more rapidly and energetically in the 
case of the lower than the higher esters of a series. Support is lent to 
this view by the results obtained by Hanriot™ in his investigations on 


___ the synthetic action of lipase. He found that in the case of the higher 


fatty acids the formation of esters took place more easily and to 
a greater extent than in the case of the lower members of the series and, 
conversely, the lower members underwent hydrolysis more easily and 
more completely than did the higher members of the series or, in other 
words, equilibrium is attained in the case of the higher members of a 
series only when relatively large quantities of ester are present and in 
the case of the lower members only when the amount of ester present is 
sufficiently small. The small amount of lower fatty esters in human fat 
really represents the equilibrium point conditioned and maintained by 
the supply of lower fatty acids in the food. In this connection the 
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experiments of Siegert ™ and Jaeckle™ are of some interest. These 
observers found that the fat of quite young infants possessed a much 
lower iodine value and contained a much higher percentage of lower 
fatty acids than fat obtained from adults, Clearly, the large quantity — 
of lower fatty acids in the food and therefore the correspondingly larger 
amount in the chyle has altered the equilibrium point and allowed of 
the storage of greater quantities-in the -tissues. 

The absorption of lecithin. The fate of lecithin taken by the mouth has 
long been a matter of dispute. Bokay®, Nesbitt™, Kutscher and 
Lohmann, and Paul Mayer™ are of the opinion that it decomposes 
in the alimentary canal into cholin, fatty acids and glycero-phosphoric 
acid, On the other hand Slowtzoff™, and Stassano and Billon™ are 
disposed to believe that lecithin passes, at any rate to some extent, into 
the chyle and the last two writers ™ deny that pancreatic juice has any 
destructive action on lecithin. © 

The following experiment was made on this question :—The patient 
was given 4 oz. (14 gms.) of lecithin at 7 pm., previous to whieh 
as much chyle as possible was drawn off (A). Chyle was then collected 
on the following day at 9 am. (B), 12 noon (C), and 6 p.m. (D). The 
fat was extracted in the usual way from these separate portions and the 
umount of phosphorus in portions of each sample determined by the 
method already described. | : 

- The results were as follows :— 


A= ‘291 gms, of P,0, per 100 gms. of ether extract. 
B= ” ” ” 

D=-0389 ” ” ” ” 


This seis experiment shows a rise followed by a . gradual fall in ian 
amount of ether-soluble phosphorus in the chyle after a meal containing 
a large quantity of lecithin and goes to support the view that lecithin, 
at any rate in part, is capable of being absorbed and of passing into the 
chyle. It was unfortunately not possible to make a more extended series 
of observations on this subject owing to the —— of the patient to 
a continuance of the experiments. 

The effect of feeding on paraffin. Since atioheans in the form of an 
_ emulsion has a certain vogue in the treatment of wasting diseases and _ 

since its efficacy in this respect is very doubtful this case seonied to 
afford a good opportuni ty of observing whether or not petroleum 
administered internally is absorbed and carried by the chyle into the 
general circulation. For this purpose two ounces (56 gms.) of liquid 
paraffin (B.P.) were thoroughly emulsified with tragacanth and were 
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given to the patient immediately after the midday meal. The chyle 
was then collected at two-hour intervals for ten hours after the meal. 
About 800c.c. of chyle were thus obtained. The chyle was then 
saponified by boiling with caustic. soda under a reflux condenser 
and finally the excess of water was distilled away. No paraffin 
came over in the distillate. The pasty residue was then extracted 
several times with ether. The ether extract was dried with calcium 
chloride and filtered; the filtrate was then distilled to get rid 
of the ether, nearly one gram of a crystalline residue, cholesterin, 
being left. behind. No trace of paraffin was found in the residue after 
the removal of the ether. It is thus evident that paraffin does not pass 
through the walls of the small intestine into the chyle. Henricques — 
and Hausen™ in experiments conducted with the object of ascertaining 


whether fats were absorbed as such or in the form of soaps observed that _ 


paraffin given to animals by the mouth can be completely recovered from 
the feces. I have therefore been able to confirm, in man, the result 
which they obtained by a different method, in the case of animals. 


SUMMARY. 

1. Human chyle varies in colour from a bluish-white to a yellowish 
tinge as its fat content increases. _ Its reaction is alkaline and it clots 
rapidly when removed from the body. Oxalates prevent its clotting. 
Microscopically, very fine particles of fat, leucocytes and occasionally a 
few red corpuscles are visible. As much as four litres of chyle have been 
obtained i in 12 hours. 

An average sample of. chyle had: the following compotion 


Ash = ‘83 °/,. 

Fat 1844 gms. - 100 cc. of (very vuridble). 
Total Nitrogen ‘364 gms. 

Extractive Nitrogen= 0112gms. ,, 

Lecithin = 4°204 gms. per 100 gms. of ether extract. 
Cholesterin _ = 5°2 gms. 


The presence of lipase and amylase was also proved. _ 

8. The fat content of the chyle.varied considerably during thé day 
being greatest six hours after the principal meal. 

4. When a mixture of lower and higher fats are given in the food 
the ratio of the higher to the lower fats is —* in oe pues than i in 
the food. 
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Lecithin when given by the mouth produces a rise in the ether- 


soluble phosphorus of the chyle. 


Petroleum (Paraffin liquidum B.P.) when given by the mouth 


cannot be recovered from the chyle. 
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THE PHYSIOLOGICAL ACTION OF MUSCLE EXTRACT. 
J. G. SLADE, M.A, B.C. Cantab. 


(From: the Pharmacologioal Laboratory, Cambridge.) 


Historical. Muscle extracts were formerly supposed to represent 
the whole nutritive value of the meat, but recently all nutritive power — 
has been denied them and indeed, except for such traces of albumen, 
fat, or peptone which they may contain, it is difficult to see from 
whence such food would come. Kemmerich’ showed that extracts and 
salts accelerate metabolism. Pawlow? states that its properties are 
rather those of a stimulant to an exhausted system, enabling the 
organism to digest food, which without it would have lain heavy on the 
stomach, Brunton’ stated that, when extractives are given without 
nutritive food, they cause increased katabolism and that if the excretion 
is deficient they accumulate and become poisonous. This has been 
shown by the experiments of Kemmerich' and others upon dogs, - 
which, if fed on meat extract alone, quickly became emaciated and 
died, and were outlived by dogs allowed water only. Mays‘ after a 
series of experiments upon the frog’s heart, asserted that “beef tea” is 
entitled to be called a nutrient because its action was the same as that 
of milk and a 2°, solution of ox blood. In a later paper® he ascribes 
this nutritive value to the contained kreatin and kreatinin. 

Vincent and Sheen recorded a series of observations made with 
various muscle extracts upon blood-pressure and vessels. They con- 
cluded that injections of muscle extract into a vein usually caused some 
temporary lowering of blood-pressure, acceleration of the heart rate and — 
constriction of the limb vessels. 


Pawlow’ conclusively demonstrated that muscle extracts were 


1 Kemmerich. Ueber die physiologishe Wirkung der Bonn. 1868. 
* Pawlow. The work of the Digestive Glands. 1897. 
3 Brunton, Sir Lauder. Practitioner, p. 324. 1880. 
Mays. Lancet, 1886, 1. p. 510. 
5 Mays. Lancet, 1887, 1. p. 257. 
® Vincent and Sheen. This Journal, xxIX. p. 242. 1908. 
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constant’ and active exciters of the secretion of the stomach. Among 
other muscle extracts he worked with that of Liebig, and found 
that it had a direct stimulant action upon the production of gastric 
juice. He further noted that the individual extractives, such as kreatin 
and kreatinin, were ineffectual, and came to the conclusion that the 
exact nature of the chemical excitant remained unknown. 

Chemical composition of muscle extract. 

Liebig’s extract was used in some of my experiments for the 
preparation of a saltless extract. 

In the particular sample of Liebig which I analysed the amount of 
salts present was 19°6 °/, and the water only 9°/,. 

The extractives which have been isolated from fresh muscle are: 
inosinic acid (°005—02°/,), kreatin (09——2°/,), kreatinin, xanthine 
(0026 °/,), hypoxanthine (‘022 °/,), sarcin, carnine, carnic acid, uric 
acid (traces), urea, taurine, choline, spermine. And within the last 
year Kutscher' has separated from Liebig’s extract four new bases: 
ignotin, neosin, oblitin and novain, some of which are physiologically 
active. 

The dogs, cats and rabbits employed, usually had their brains 
destroyed, otherwise they were anmsthetised with a.c.e. or with 
urethane. Frogs were in all cases pithed unless otherwise men- 
tioned. 

The extract was prepared from ordinary butcher’s meat from which 
the fat was removed, or from Liebig’s extract. The meat was cut up, 
put through a mincing machine and boiled for two hours. The fluid 
portion was then decanted off and the solid part thoroughly extracted in 
a press. The liquid obtained by this means was evaporated down to a 
small bulk and used at once. It contained but a small amount of proteids. 

In determining the action of muscle extract on isolated organs the 
salts are apt to lead to errors. To avoid these errors the extractives 
were extracted by alcohol in which the salts do not dissolve. The 
muscle was first minced and then thrown into 98 */, alcohol and left to 
stand for twenty-four hours. In this way all constituents soluble in 
alcohol were dissolved out. The alcohol was then decanted off and the 
remaining liquid squeezed out of the residue by a press. This extract 
was evaporated to dryness and the residue taken up in absolute alcohol 
nearly 100°/, freshly distilled from lime for the purpose. This process 


1 Numerous papers in Zeit. f. physiol. Chem. xurx, 1906. 
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was repeated ; a second, or even a third time, until all the contained salts 
were eliminated. After this process was completed absolute alcohol was 
added in such proportion that 1 c.c. of the resulting extract represented 
16 grams of the original muscle. This solution was practically saltless, 
the merest trace of chlorides alone being detectable. When required for 
use this extract was evaporated to dryness and taken up with Ringer’s 
solution’ In many of the experiments Liebig’s extract was employed 
after the salts had been removed from it by alcohol, as it was found to 
have the same action as the extract prepared from fresh muscle. 
Certain of the known constituents of muscle extract, such as xanthine, 
kreatin and urates, were also employed; they were obtained from 
Merck. 

When muscle extract is referred to in the following experiments, 
the saltless extract taken up with Ringer’s solution is to be understood 
unless the is stated. 


ACTION OF MUSCLE EXTRACT UPON STRIPED MUSCLE. 


The experiments relating to the action of muscle extract upon 
striped muscle may be conveniently divided into those performed upon 
(a) man, (6) the frog. 

. The experiments on man were performed with Kraepelin’s model 
of the ergograph (by Runner). A preliminary course of practice with 
the instrument was first undertaken, and after proficiency was attained 
the effect of muscle extract was determined. The instrument has been 
described by Rivers? and all the precautions which he advocates have 
been observed in this research. The operator worked in a quiet room 
and led a regular life. His diet was fixed and his breakfast consisted of 
eggs and milk. For the rest-of the day a certain latitude was allowed 
because the experiments were conducted at 9.30 a.m., but roughly the 
same amount of food, exercise, and rest were indulged in daily. All 
alkaloidal and alcoholic drinks were strictly avoided. The mode of daily 
procedure was as follows :—First, the finger was attached to the weight 
and made to contract rhythmically every two seconds (contractions being 
made at each second beat of a metronome) until exhaustion occurred 
and the finger could no longer move the weight. The total height the 
weight was raised, that is the work, was taken as the “normal” for the 


1 1006.0. of 0°75), NaCl, 2:5¢.0. of 0-5%/, NaHCO,, 0°75¢.c. of 1°/, KCl saturated with 
Ca,P,0,. 
tha Roy. Coll, Phys. Lond. (not yet published). 1906. 
11—2 
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day, and counted as a hundred. Two minutes’ interval then ensued 
during which the operator took the readings of the distance the weight 
had moved and reset the instrument at normal. The test drug was taken 


also during this interval. At the end of this rest of two minutes the 
same procedure was repeated until exhaustion occurred. In a like 


manner a further series of experiments was taken, with intervals of two 
minutes between each, until six periods of work had been recorded. 


The next half hour was occupied in simple mental calculations, such as 


the multiplication of single figures, and the answers were recorded. For 
this purpose the “ Rechenheft zum Gebrauch in psychiatrischen Kliniken ” 
were used. After this mental exercise the finger was made to contract over 
a similar series of six experiments until exhaustion occurred in each 
case, the intervals of two mintues for taking readings and resetting the 
instrument being adhered to as before. Again half .an hour was 
occupied by mental work which was followed by a third and last series 
of six experiments, similar to those before mentioned. This completed 
the day's work. 

Thus eighteen experiments and readings were made each day in 
three series of six experiments with an interval of balf an hour between 
each series. The first of these experiments was the “ normal” for the 
day. The other seventeen were done subsequently to the administration 
of the drug. The last experiment was therefore performed about two 
hours after the drug had been taken. ) 

When estimating the value of a drug on work, both mental and 
physical, it is very essential to have suitable controls. For it has been 
shown that merely taking water or other inert substances may exert 
a psychical influence and alter the results by giving an importance to 
the drug days which the others do not share. In these experiments 
hot normal saline solution and hot albumen water were used for this 
purpose. On the first, fourth, seventh, and tenth days a tumbler of hot 
normal saline was taken after the “normal” for each day had been 
determined. On the third, sixth, ninth, and twelfth days hot albumen 
water was taken, whilst on the second, fifth, eighth, and eleventh days 
fifteen grams of Liebig’s extract were dissolved in hot water and 
administered. 

The work done in the last seventeen experiments of each day was 
calculated in percentages of the first reading which was taken as the 
“normal” for the day and counted as 100. The mean of the work 


in the several experiments on the four days respectively on which 


albumen saline and muscle extract were taken was then calculated, 
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The results of these experiments with the ergograph were very 
disappointing for they showed neither increase nor decrease in the work 
done on the days when muscle extract was taken. The three series, 


saline, albumen, and muscle extract follow a curve which is for all. 
practical purposes identical. That the instrument is not sensitive 


enough to record any difference is negatived by the fact that very 
definite positive results have been obtained by Rivers (op. cit.) with 
other substances such as caffeine and alcohol. 

A second type of experiments on voluntary muscle was undertaken 
with the frog. In every case the animal was pithed and a comparison 
was made of the work done by the corresponding muscles from the two 
legs, one of which was treated with muscle extract. In the first series 
of these experiments, immediately the pithing was completed, one 
leg was efficiently ligatured, and the drug, muscle extract minus salts, 
injected into the dorsal lymph sac. The control muscle, that is the 
gastrocnemius which bad been deprived of the drug by the ligature, 
was then dissected out and arranged on a myograph so that single 


induction shocks, passed through the whole length of the muscle, 


produced almost a complete contraction and raised a weight of ten 
grams. ‘The induction shocks were passed through the muscle at 
intervals of four seconds and by means of a suitable lever a record of 
the work done by the muscle was made on a slowly moving drum. 
When the muscle was fatigued the second and treated muscle was 
subjected to a similar experiment and a like record of its working 
capacity recorded. Large doses of muscle extract, corresponding to one 
gram of the original dry muscle extract, stimulated the muscle so as to 
increase the total work. But as the two muscles were not under 
identical conditions a second series of experiments on frog’s muscle 
was undertaken. The corresponding muscles from the two legs were 
isolated and placed in separate watch glasses; the one watch glass 
contained Ringer's solution, and the other muscle extract dissolved in 
Ringer. Each muscle was allowed to remain immersed for half an 
hour and its record of work was then determined in the same manner 
as before. A complete series of such experiments was performed which 
led to the following results : | 

(1) When the extract is 0:2°/, or less it produces little or no effect 
upon voluntary muscle. 

(2) When the extract is above 02°, (about 0°4°/,) there is 
a decided stimulant action which shows itself by greater irritability of 
the muscle, that is, the individual contractions are larger, and by an 
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increase in the total work (Fig. 1)... These siasilte may perhaps be. 


more correctly stated by saying that the onset of fatigue is delayed. 


(3) When the dilution is less than this, about 1°/,, the effect on — 


the work done is so insignificant as to be negligible. 
(4) Lastly, when che dilution is still less, that is 2 */,, or stronger, 


both the irritability of the muscle and the work it is capable of omnE 


are greatly diminished. 


Fig. 1. Effect of single descending induction break shocks applied every four seconds to 


the frog’s gastrocnemius. The muscle ‘‘A” was soaked for half an hour in saline 
containing 0-4°/, musgle extract. The muscle “B” was the control from the other 
leg of the same frog, and was soaked in saline only for half an hour previous to 


stimulation. Between tracings 1 and 2 is an interval of 8 mins. : between 2 and 8 an 
interval of 10 mins.: and between 3 and 4 an interval of 11 mins. (The two pre- 


parations were treated in every respect alike.) . 


These results would be accounted for either by the action of 
two substances, one of which stimulates while the other depresses 
voluntary muscle, or by the action of one substance which in small doses 
excites and in large doses capeoenee the voluntary muscle. We shall 
return to this later. 

At this stage it seemed advisable to inquire whether extracts 
prepared from fatigued muscles exerted the same action as those 
prepared from muscles in the resting condition. For this purpose 
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a rabbit was pithed and bled. The sciatic nerve of one side was rapidly 
dissected out, placed on electrodes and tetanised by a powerftil current 
for about half an hour. After this period the muscles were quickly 


dissected off the bone, weighed and thrown into a vessel containing 


98°/, alcohol. At the same time the muscles were dissected from the 
other leg and thrown into another vessel containing an equal quantity 
of alcohol. The muscles in both cases were cut up into small pieces, 
pounded and allowed to extract. After twenty-four hours the super- 
natant liquids were poured off, the muscles placed in a press and the 
remaining alcohol squeezed out. These alcoholic extracts were 
evaporated to dryness on a water bath and taken up with 100°/, 
alcohol (freshly redistilled from lime). ‘This process of evaporation to 
dryness, followed by extraction with alcohol, was repeated one or more 


times until extracts were obtained which were practically free from 
salts. As the weight of muscle and alcohol was equal in the two ~ 


experiments and all the other conditions the same, it is fair to compare 
the action of the one extract with the other and impute any differences 
in the action to the tetanisation to which the one set of muscles was 
subjected. The alcoholic extract from the tetanised muscle weighed a 
little more than that from the normal ‘muscle, ‘In dilute solutions, 
A (that is the extract prepared from tetanised muscle) had a greater 


_ “stimulant” action, that is, it delayed fatigue longer than B (the extract 


prepared from resting muscle); and i in — solutions, A caused death 
of the muscle before B. 
The difference in action Shiai: the two extracts I believe to be 


~ due to the katabolic substances formed during contraction. It has been 
_ generally supposed that the presence of these bodies is the cause of 


fatigue. So far as these experiments on the nerve muscle preparations 
go, this statement can be denied. The extract of fatigued muscle, 
when applied to a nerve muscle preparation, actually increased the 


amount of work the muscle was capable of performing. So that fatigue . 
_ products facilitate the performance of work peripherally in the muscle. 


Of course fatigue may be a central phenomenon, but in my a 
with muscle extract, the results were negative (cf. below). | 
A last series of experiments on frog’s muscle was undertaken to 
determine whether any of the known constituents of muscle could be 
the cause of the stimulant and paralytic phenomena already described. 
Of these substances kreatin and the purine derivatives, of which 
perhaps xanthine is the most important, stand out pre-eminently. 


Experiments were therefore undertaken with xanthine and kreatin and 
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tracings produced in a fashion in every way identical with those already 
described when dealing with the crude extract. A 1—500 solution of 
kreatin, that is a saturated solution, failed completely to produce any 
appreciable effect, stimulant or depressant, on voluntary muscle, and 
I do not think that it can in any way account for the stimulant actions 
of the muscle extract. With xanthine however a very definite positive 
action was obtained. A solution of 1—2500, that is a saturated solution, 
acted on the muscle in a manner very similar to that of a 1—250 
solution of muscle extract (Fig. 2). The action of these two solutions 


Fig. 2. The intervals between the tracings are as follows: between tracings 1 and 2, four 
mins.; between 2 and 3, six mins.; between 3 and 4, five mins,; and between 
4 and 5 and 5 and 6, each three and a half mins.; single induction descending 
break shocks every four seconds through the two gastroonemii of the same frog. 
Coil at 10 cms. The preparation ‘‘A” was soaked for half an hour in a saturated 
solution of xanthine (1 in 2500) in Ringer. The preparation “‘B” was soaked in 
Ringer only, for half an hour previous to stimulation. The conditions were identical 
in the two experiments. (The preparations were treated in every respect alike.) 


was so similar as to render it probable that this body, which is 
of course a normal constituent of muscle, is the stimulant substance 
concerned in muscle extract. If this hypothesis be correct it means 


that the paralytic effects of concentrated extracts are due to another 


substance, because xanthine is only soluble to 0:0490°/, in water. What 
this other substance or substances may be my experiments have failed 
to reveal. | 
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The effect of strong muscle extract, minus salts (2°/,), placed in 
contact with voluntary muscle is to cause an immediate increase in 
tonus (Fig. 3). This effect is in every way comparable to that of — 


Fig. 8. Frog’s gastrocnemius showing the effect of direct application’ of kreatin and 
 musele extract without salts (1—10). 
records by a suitably weighted lever. Time 1 cm. =20 secs. 


caffeine, This is important because the action cannot be due to salts, 
since they were first removed, nor to kreatin, xanthine, nor urea; 
because they have little or no effect in producing this condition. 
Henee it must be due to some substance or substances which have not 
as yet been examined. 


Svat ON THE CIRCULATORY SYSTEM. | 


(a) Isolated heart. For determining the action upon the frog a 
method of perfusion was adopted. The animal having been pithed a two- 
way cannula was tied into the hepatic vein and one innominate artery 
was divided. The two ways of the cannula were connected with two 
vessels by rabber tubing, suitably plugged with cotton wool, so as to 
deliver saline solution at the rate of one drop per second approximately. 
The rubber tubes could be clamped at will by bulldog forceps. If now 
the heart were allowed to record by the suspension method and the — 
bulldog forceps were removed from one of the vessel tubes, saline would 
enter the right auricle of the heart, pass to the ventricle and be pumped 
out from the severed innominate artery. The heart was allowed to 
record on a smoked drum for about half an hour, perfused with the 
Ringer's solution, and then the fluid from the second vessel was allowed 
to run whilst the saline tube was blocked with bulldog forceps. The 
second vessel of course contained the extract, the action of which was to 
be determined. 

The most prominent feature of perfusing with ‘iain is in- 
crease in the rate of the beat. A solution of 1—1000 “salffiess extract” 
increased the heart beat from 50 to 66 beats per minute without materi- 
ally altering the strength of the beat ; whilst with stronger solutions, such © 
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as 1—500, the rate was still further increased to 84 beats per minute 
in the particular experiment referred to. Stronger solutions than this 
depressed the heart and diminished both the rate and strength of the 
beat (Fig. 4). An extract of 1—200 dilution at first accelerated the 
beat, but in a minute or so the strength of the beat was greatly 
diminished and in an hour and a half was about one quarter of the 
normal; complete recovery however followed after perfusing once again 
with Ringer. Still stronger extracts, such as 1—100, stopped the heart 
in diastole in about a minute, but if the contact with the drug had not 
been too long, recovery ensued on perfusion with saline. Neither 
kreatin nor xanthine exerted any decided effect upon the heart's action. 


Fig. 4. Frog’s heart recording by the suspension method and perfused through one 
hepatic vein. At the arrow 0°1°, saltless extract was substituted for Ringer. In 
the second part of the tracing the strength of the extract was increased to 0-2°/, 
and in the third part to 0-4°/,. . Time=secs. 


- Perfusion experiments were performed upon cats and rabbits by — 
a modification of Langendorff’s method, Ringer-Locke’s solution being 
used for perfusion. | 

The introduction of 001 gram of extract into the lateral tube 
produced an immediate diminution in systole which was gradually 
followed. by an increase in the force of the beat so that, after all the 

_ drug had left the coronary vessels, the heart was beating much more 
vigorously than before. Larger quantities, such as 0°01 gram, produced 
a more prolonged and more decided initial weakening, whilst the 
injection of 0°05 gram completely inhibited the heart in diastole for 
the space of one minute, that is, until all the extract had been washed 
through the coronary vessels: the heart, having once recommenced 
to beat, assumed a condition of efficiency greater than before. Neither 
kreatin nor xanthine produced any very decided effect upon the heart. — 
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In carnivorous animals muscle extract. causes some acceleration of 
the heart. The ultimate effect of the extract is of course referred to, 
and not the purely temporary slowing due to some extraneous substance 


_ and which is only observed when the extract is injected into the 


circulation. This acceleration is not due to any depressant action on 
the vagus because it may still be obtained when the vagi have been 
paralysed with atropine, and, as muscle extract has no special effect 
on the sympathetic nervous system, it is probable that the acceleration 
is caused by direct action on the heart muscle. This is the more 


Fig. 5. Shows the typical effect of strong solution of saltless muscle extract on the 
isolated and perfused rabbit’s heart. The effect closely resembles that of chloroform 

and potassium salts. Time=secs. 
likely because it will be shown that the extract does stimulate the 
contractions of the heart. .Now the xanthine derivatives, of which 


_ caffeine may be taken as an example, accelerate the rate and slightly 


increase the force of the mammalian heart; this action is regarded as _ 
a stimulation of the excito-motor area. Muscle extract has an action 
exactly comparable to these bodies and therefore it is possible that its 
action is caused by an analogous substance and is brought about in 


(b) Effect on isolated vessels. The frog was perfused through the 
innominate artery with Ringer’s solution and the rate of flow de- 
termined by measuring the outflow from the veins. 

When the perfusing fluid contained 1 part in 500 of the muscle 
extract, marked vaso-constriction rapidly ensued, and this constriction 
did not pass off upon the substitution of a perfusing fluid of saline. 
Rapidly as the constriction came on there was yet some initial primary 
vaso-dilatation which. is well shown in Fig. 6. 

Injections of 01 gram of kreatin into the circulation caused no 
alteration in rate of outflow, although the substitution of a perfusing 
fluid containing 1—500 muscle extract caused immediate vaso-constric- 
tion. Xanthine in saturated solutions, that is about 1 in 2500, had some 
slight action in constricting the vessels, but the effect was in no way 
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comparable to that of crude extract. Saturated solutions of sodium or 
potassium urate had no action on the vessels “erage gene 
half an hour. 


Fig. 6. Record of drops issuing from the veins of a frog as the result of perfusion with 


1—500 saltless muscle extract. There is an interval of five minutes between the 
different tracings. Note the initial dilatation followed by great constriction. 
Time = secs. 


Ringer-Locke solution at 37°5° C. was artificially pumped through 
the hind limbs of a cat, which were kept in a warm chamber’. 
- The effect of injecting 1 gram of muscle extract into the tube 


conducting the perfusing fluid to the limbs was that the output from — 


the vessels immediately became less owing to vaso-constriction. 
It is interesting to note in contrast with this experiment that 


caffeine, which is one of the purin derivatives, induces very marked 


vaso-dilatation*. 
(c) Effect on the intact animal. Experiments in which the carotid 


blood-pressure was taken showed that, when muscle extract was 


injected into the jugular vein, there was a pronounced but temporary 
fall in the pressure, and that this fall was always associated with cardiac 
slowing. It was found that if the animal ‘were first atropinised then 
moderate injections of extract caused no slowing of the heart beat 
and no fall in blood-pressure (Fig. 7). This would mean that the 
action of the drug on the heart and circulatory system had been 
antagonised by atropine and the body must therefore be comparable 


in its action to choline* and spermine‘, both of which substances occur 
a in the tissues of the body. 


| Brodie and Dixon. This Journ. xxx. p. 476. 1904. 
Dixon. Manual of Pharmacology. 1905. 

* Halliburton, This Journal, xxvi. p. 229. 1901. 

* Dixon, This Journal, xxvr. p. 244. 1901. 
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In other experiments a fore-limb of an anesthetised dog or a loop 
of gut was placed in a plethysmograph so that the volume could be 
recorded. When a solution of extract, equal to one gram of the 
original dry muscle extract, was injected into the jugular vein, the 
volume was reduced immediately and closely followed the blood- 
pressure, giving the impression that it was entirely a passive change. 
During recovery, however, the organ dilated relatively more rapidly 
than the blood-pressure rose. 


Fig. 7. Oat (decerebrate). Shows the effect of 1 c.c. (1 in 10) muscle extract — 
“A” before and ‘‘B” after atropine. Time=5 secs. 


Further experiments on dogs and cats were performed with the 
cardiometer to measure the outflow of blood from the heart. When 
one gram of the extract was injected into the jugular vein it produced 
a decided effect upon the heart, closely resembling that of caffeine. 
At first (in cats) the heart overfilled with blood and the muscle was 
weakened, so that it was unable to contract efficiently on the blood it 
contained. But this was quite temporary, lasting only a few seconds, and © 
was succeeded by the more important effect, that is, the stimulation of 
the heart muscle. The outflow of blood per beat was increased and, as 
the heart was not beating slower, the action was decidedly “stimulant” 

“A comparison between this effect and that from the same animal, 
in which 0°01 of a gram of caffeine was injected, showed in every way 
a similar state of affairs, except that the degree of action was slightly 
more marked in the case of the muscle extract. Five times the amount 


- of extract administered to the cat in this experiment would form an 


average dose of “beef tea” fora man. It cannot: be thought therefore 
that beef tea, supposing it to have the same composition as the muscle 
extract used in this experiment, could have any very decided effect 
upon the heart of man; because this same amount of muscle extract 
only produces this very decided effect on the heart when it is ad- 
ministered directly into the vein, and because the heart of a man is 
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about: forty times as heavy as the heart of a cat and should require 
about forty times the amount of the extract to produce the same effect. 


Muscle extract produces very little effect upon blood-pressure. It 


is quite true that, when it is injected into the circulation, there is 
‘a fall in blood-pressure associated with slowing of the heart and that 
this is eliminated by the use of atropine, but as this fall of blood- 
pressure does not occur when the drug is administered in any way 


Fig. 8. Dog, cardiometer, blood-pressure. A.C.E. and urethane. Shows the effects of 
$ gram of muscle extract, without salts, injected into the jugular vein. 


other than intravenously, it would seem to be caused by the concentra- 
tion of some substance getting straight to the heart and exciting the 
vagal endings. I have come to the conclusion that this is choline, or 
an allied substance, from the fact that the physiological actions of the 
twoare precisely thesame. = = 


EFFECT ON PLAIN MUSCLE. 

A number: of experiments were performed upon the frog:and the 

cat to determine the action of the extract upon plain muscle. In the 
first series a ring of muscle was taken from the stomach of a frog. 
It was found that, when a dilute solution of the extract (0°2°/,) in 
‘Ringer was placed on the stomach ring, the amplitude of: the -con- 
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tractions and relaxations was greatly increased. Upon washing away 
the extract with Ringer the movements at once diminished and re- 
turned to their original condition. The application of kreatin caused 
some slight increase in the movements; but the effect was not 
comparable to that of muscle extract. A strong solution of extract, 
about ten times the strength of that used in the first place, caused 
an immediate violent contraction of the stomach ring and after this all 
movements ceased (Fig. 9). 


Fig. 9. Record of the movements of a ring preparation of the frog’s stomach. At “A” 

_  & weak solution of muscle extract (1 in 500) was applied. At ‘‘B” the preparation 
was washed with normal saline, and at ‘‘O” a ee 
was applied. Time=12 secs. | 


The experiments on cats were performed by recording the move- 
ments of a balloon placed in the lumen of the small intestine. Fig. 10 
shows the typical effect of injecting muscle extract under such 
conditions. There is an immediate rise in the tonus of the circular 
muscle fibres of the intestine followed by a series of automatic con- 


Fig. 10. Cat (decerebrate). Movements of small intestine by balloon method. Blood- 
pressure. Shows the effect of injecting of 
into the jugular vein. | | 
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tractions and relaxations. The effect on blood-pressure is typical. 


The effect is very similar to that obtained by Kutscher by injecting 
oblitin and novain into the circulation. These results are interesting 
in view of the fact that, during the course of ergographic experiments, 
it was found that, on the days when muscle extract was taken, a 
laxative effect was obtained. | fh: 


EFFECT ON THE FLOW OF URINE. 


Experiments were perfornied upon anzsthetised dogs with the view 
of ascertaining the action upon the flow of urine. In each ‘case the 
animal was first ansthetised with chloroform and cannulw were tied, 
into the ureters so that the urine could be collected and measured. 
Also, one kidney was placed in an oncometer and its volume registered. 


The amount of urine flowing into the graduated vessel was measured 
every four minutes and the normal, that is 0°08c.c. in the particular 


experiment referred to, determined. It was found that the injection 
of a solution of extract, equal to two and a half grams of the original 
dry extract, increased the flow of urine to 06 cc. and that, after 
a preliminary constriction, the volume of the kidney was increased. 
The injection of five and a half grams of the original dry extract caused 
a like effect, | 

The introduction, of a strong solution of urea as a control affected 


the kidney in a similar manner to the muscle extract, but the initial 


diminution of volume was less. The most marked effect was produced 


upon the urine outflow, the amount. excreted quickly rising to over 


2 c.c. in every four minutes. oS 
We must conclude then that muscle extract is a mild diuretic; 
but it is in no way comparable in this respect with urea or caffeine. 


It might be imagined that this experiment lent support to the 


hypothesis that the xanthine derivatives cause diuresis by acting on 
the gland cells, as opposed to the purely vascular hypothesis, Because, 
although the diuresis is in each case accompanied by dilatation of .the 
kidney, yet this dilatation bears no relative relationship to the urine 
excreted. Such facts do not however in any way negative the vascular 
hypothesis since they only take into account one factor of the situation, 


the volume of the kidney; and of course the diuresis would vary not — 


only with the condition of the vessels but with the rate of blood-flow 
through them; and it is possible that the condition of the vessels 


‘ 
x 
| 
> 
> 
— 
39 
Y 
yaks 
+ 
> 
j 
‘al 
} 
~ 
; 
> ‘a 
: 
ae 
2 
i 


eS 


ACTION OF MUSCLE EXTRACT. 179 


in different parts of the kidney may vary, that is, there may be con- 
striction of the efferent vessels from the glomeruli only, causing 
dilatation of these with _— increase in kidney volume, 


ErrEct ON THE CENTRAL NERVOUS SYSTEM. 


For the purpose of demonstrating the action of muscle extract upon 
the central nervous system experiments were performed upon men, dogs, 


rabbits and frogs. 


In the account of the ergograph experiments it was mentioned that 


two periods of half an hour daily were set apart for mental calculations 


according to the plan given in the “Rechenheft zum Gebrauch in 
psychiatrischen Kliniken.” During these periods the operator was 
engaged in simple multiplication sums. A clock, which rang a bell 
every five minutes was placed at hand and each time the bell sounded 
a mark was made in the book. In this way it was afterwards possible 
to gauge the number of sums done in each five minutes and from that 
to calculate the total amount of mental work performed daily in the 
two periods. In these experiments lasting over twelve days it was 
found that neither increase nor decrease in mental work resulted on the 
days when muscle extract was taken. 

It must be remembered however that these results are only true 
for muscle extract in practical amounts. If larger doses than those 
which were taken in these experiments are administered, dyspepsia, 
nausea and diarrhoea ensue; so that “ beef-tea” in medicinal amounts © 
has no effect upon mental 

A number of injections of muscle extract were made into orien! 
rabbits and it was found that less than 5 cc. of the extract, with 
or without salts, had no effect when given either into a vein or 
subcutaneously. The administration however of 5 c.c. or more of the 
saltless extract caused general lassitude. The animal lay down panting, 
its pulse and respiration were rapid, its temperature rose a little and 
in every way its condition resembled that of an animal which had 
undergone fatigue. The injection of a like quantity of the extract, 


containing salts, caused some spasmodic twitchings lasting about one 


minute and these were followed, as before, by great general debility 
and breathlessness. 

Muscle extract injected into the dorsal lymph sacs of frogs (about 
‘016 gram) caused a sluggishness of the reflexes in about six minutes. 
If the animal were turned upon its back it was unable to regain the 
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ventral position, and it became quite flaccid just as if it had been 
placed in warm water. Twelve minutes later it had completely 
recovered and jumped eighteen inches when a hind limb was stimu- 
lated. The introduction of about two grams caused the same primary 
exhaustion, but the animal did not recover. After death the heart was 
arrested in diastole. Stimulation of oe sciatic nerves produced normal 
contractions. 


THE ACTIVE CONSTITUENT. 


The experiments which have been made with the known constituents 

of muscle extract are not very conclusive. It is true that xanthine has 

a very powerful “ stimulant” action upon striped muscle and, to a small 

extent, causes vaso-constriction; but the other constituents, such as 

kreatin, are quite inactive: none of these substances have any effect 

upon the heart. The temporary fall in blood-pressure and the other 

vascular changes in animals are exactly similar to the effects caused by 

choline, spermine and neosin ; and, as we know that these substances 

are present in muscle, it is possible that they, or some analogous 

_ substance or group. of substances, are the cause. Kutscher and 

' Lohmann? have recently shown that oblitin, one of the four bases 

_ which they have extracted from Liebig’s extract, increases the tonus 

and movements of the plain muscle of the intestines, slightly augments 

cardiac movements but causes some fall in blood-pressure: and that 

. ‘novain exerts a somewhat similar effect. As the figures which these 

observers show are very similar to those which I have obtained, I think 

it probable that the effects on plain muscle and the heart are due 
to these substances. 


_In conclusion I wish to express my best thanks to Dr W. E. Dixon 
for his assistance and advice in carrying out these experiments and 
to Dr W. H. Rivers for his help in the ergographic experiments. 


Conor.vstons, 


L Muscle extract has no stimulant action upon the central nervous 
system, nor upon the power of doing physical work, in man, If it 
be taken as a strong solution and in large amounts it is liable to cause 
purgation. 


1 Pfliiger’s Arch. oxiv. p. 558, 1906. 
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II. In moderate doses it increases the rate and activity of the 
heart. This is not due to kreatin, xanthine nor urates. 


dilatation. 


IV. The movements of plain orusele throughout the body are | 
increased. Probably this is due to ornithin and novain. 


V. Muscle extract in 0°5°/, solution increases the work of voluntary 
musele: in 0°1°/, solution it has no effect upon the efficiency of the 
muscle: in 2°/, solutions it decreases the work. Xanthine has an 
action corresponding to the first effect, that is, in saturated solution 
(1—2500) it increases the work. eager: has no action on voluntary 
muscle. 


VI. The effect of fatiguing a muscle before preparing an extract 
from it is to increase its extractives, and increase the activity of 
the extract. 


Vil. If injected into  aaliasis it causes great languor, prostration, 
and all the symptoms characteristic of fatigue. , 


VIII. Muscle extract administered as “ beef-tea ” Acts as a moderate 
diuretic to men and other animals. The diuresj is associated with 
vaso-dilatation of the kidney. 


The expenses of this research were defrayed by grant from the British Medical 
Association. 
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W. E DIXON. 
(From the Laboratories of Physiology and Pharmacology, Cambridge.) 


THERE are, so far as we know, only two previous observations on the 
gaseous metabolism of the heart. 

Yeo! observed that the frog’s ventricle imbibed considerably more 
oxygen from a hemoglobin solution enclosed in it, when beating than 
when still. 

Fletcher? noted the carbonic acid output of the excised heart of 
the tortoise. He did not observe any appreciable decrease in the CO, 
when the vagus was stimulated; but his more recent researches suggest 
that muscular metabolism does not run the same course in excised 
organs exposed to air as in the well oxygenated tissues of the living 
body. 

Method. Our method of obtaining a heart which beats efficiently 
for a_considergble-period of time was based on that of Heymans and 
Kochmann*. The heart of one animal was excised and connected 
with the circulation of a larger anssthetised animal of the same 


es, 

The following description of the technique employed is valid for 
cats as well as dogs. In most experiments dogs were the animals 
employed. | 

In some preliminary experiments we used dogs which had been 
pithed. These we found unsatisfactory on account of their low arterial 
pressure. The anesthesia in all the cases described was established 
with chloroform and maintained with urethane (about 1 grm. per kilo). 
_ Cannule were placed in the trachea; in the left carotid artery, and 

jugular vein, for connexion to the artificially perfused heart; in the 
right femoral artery for recording blood-pressure; and in the left 
: 1 This Journal, v1. p. 98, 1885, 
Schiifer’s Text-Book, 1. p. 911. 
* Arch. Pharm. et de Thérap. xm. p. 879, 1904. 


THE GASEOUS METABOLISM OF THE MAMMALIAN 
HEART. Part I. By JOSEPH BARCROFT ann 
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femoral artery and vein for obtaining samples of arterial blood, and’ for 
injections into the animal respectively. 

The heart which we were about to investigate was then prepared. 
For this purpose a dog as small as possible was chosen, generally 
a puppy. It was killed instantaneously by pithing and a tube was 
placed at once in its trachea so that artificial respiration might be kept 
up and the circulation maintained for as long a time as possible. 
Cannule were next placed in the aorta and in the left pulmonary 
artery and all other vessels and connexions were ligatured. The heart 
was then removed and suspended by the aortic cannula apex downwards; 
the aorta and pulmonary artery of the excised heart were connected with 
the carotid artery and jugular vein of the large dog, the connecting tubes 
being filled with salt solution. On removing the bull-dogs from the 
vessels the circulation through the transfused heart began and the heart. 
commenced to beat. For the purposes of analysis it was necessary 
to render the blood non-coagulable and the only satisfactory method 
which we have found for this was by injection of hirudin’ (of Jacobi); 
peptone and the other methods which we have casually employed 
having proved unsuitable. It was found advisable to administer the 
hirudin by injection directly into a vein of the larger dog some minutes 
before the excised heart is put into the circulation. 

In our later experiments we made an additional improvement. 
Not infrequently, when the blood reaches the perfused heart it sends 
_ the heart into fibrillary twitchings which involve a great expenditure of 
time and patience to remove and always leave the heart feeble and 
unsatisfactory. This may be, to some extent, prevented by administering 
a little hirudin to the smaller animal whilst its own circulation is yet 

intact. 
A graphic record of the heart-beat was obtained by attaching the 
apex to a suitably weighted lever and recording directly on a smoked 
drum. 


In the experiments in which the action of the vagus upon the heart 
was studied, the technique was altered and is described later. | 

For the experiments with dogs we used five cubic centimetres of 
blood for each analysis (except in Exp. 1), for those with cats one cubic 
centimetre. The blood was taken from a T-tube in connexion with the 
tube running from the pulmonary artery of the perfused heart to the 
jugular vein of the perfusing animal. A few drops were allowed to 


1 Manufactured by E. Sacchse & Co., Leipzig. 
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escape before this connexion with the graduated tube was ata in 
order to gain time for the rate of flow, which was momentarily upset by 
‘these manipulations, to readjust itself. It has been our practice to a 
return blood lost from this or accidental causes into the femoral vein. iy 

The rate of blood-flow through the coronary system was obtained by 
direct observation. A pipette consisting of a glass tube drawn off at 
the end was inserted into the rubber on the free end of the T-piece: it 
is important that the broad end of the pipette be inserted as the fine 
end causes a resistance to the flow of blood. The pipette was suitably : 
graduated between two marks to 5 c.c. for dogs or 1 cc. for cata. The 7 
person collecting the blood gave the signal when the meniscus passed | 
each mark and an attendant with a stop-watch observed the time 
occupied. Having filled the pipette with blood, it was detached from the 
rubber and poured into the blood-gas bottle, the clamp being at the 1 
same time removed from the jugular vein so that the blood from the | 


excised heart passed once more into the jugular vein of the intact fi 
animal. | 
When we studied the action of drugs these were injected into the 4 


rubber tube leading to the perfused heart. In this way a dose could be 7 
given which was large enough to affect the heart but not so large as to ae 
affect the general condition of the animal. 


and the blood was examined during four periods; in the first three of 
these no drug was given, whilst in the fourth the heart was under the 
influence of adrenalin. The following are the figures obtained. t 
As Exp. 1 is of a preliminary character it is advisable to add some 
brief comment on it. In the first place it should be noticed that the 
arterial samples at the four periods differ by very little, 22-0, 21-3, 21'5, 
21°8°/,.. These differences are within the error of the Barcroft- 
Haldane’ apparatus, and it may be taken that throughout this and all 
other experiments we have kept the oxygen in the blood at a constant 
figure. To ensure this factor being constant it has been our practice to 
keep up artificial respiration throughout the whole of the experiment. . 


Adrenalin. Our first concern was to produce the most obvious ; 
change in the activity of the heart in the easiest manner. For this | 
purpose we used adrenalin. This experiment was performed on a dog a 


Barcroft and Haldane. This Journal, xxvm. p, 282. 1902. 
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Considerable variations in the amount of oxygen present in the blood 
are not @ priors likely to exist in these experiments to the same degree 
as when working with such organs as the kidney and. pancreas, where 
large injections are made into the blood; or the salivary gland, where 
escape currents from the sympathetic to the vagus may influence the 
respiratory centre. | 


Exp. 1. Dog, 10°4 kilos. Puppy’s heart, 16-7 grms. 


Condition through 
I. : No drug, tonus Venous Gsecs,  19°4 26c.c, ‘016c.c. 

Venous 6 18°8 ‘32 019 

‘Arterial _ 22°0 
IL Nodrug Venous 19 16°7 "16 009 
Diminished tonus Venous 18 15°2 "20 012 
Ill No drug Venous 25 14-2 ‘17 010 
Diminished tonus Venous 22 15°4 197 010 

IV. Adrenalin Venous 8 ‘16 045 
Venous 15 80 036 

218. 


There is one unsatisfactory feature about the figures of Period I, the 
blood-flow was a little fast, 1 c.c. going through the vessels in six 
seconds. The error in measuring this is relatively large and the 
difference between the oxygen in the arterial and venous bloods 22 °/, 
and 19°4°/, respectively is small. The former difficulty we have 
obviated in dogs by using 5 c.c. of blood for each determination. In 
most of the subsequent experiments therefore it will be found that the 


_ difference between the oxygen in the arterial and venous bloods has been 
considerable. 


But despite this source of error the oxygen consumption in 
the heart is fairly steady as shown by the two determinations in 
Period I. These determinations were made at four minute intervals. 
With regard to the effects of adrenalin it is immaterial as a first 
approximation whether the first or second determination in Period I be 


- compared with the first or second determination of Period IV, although 


these latter two are not comparable with one another as is seen from 
the rate of blood-flow. The effect is decided in all cases; adrenalin 
greatly incteases the oxygen consumption of the heart. It is clear also 


‘wi 
{ 
a 
1g 
4 
| 
4 
| 
| 
| 
| 
| 
| 
| 
| 
| 
q 
y 
is 
a # 
a 
> 
‘a 


186 J. BARCROFT AND W. E. DIXON. 


that this increased metabolism is not in any way dependent upon changes 
in the rate of blood-flow. 


_ At first we were disappointed at the disparity between the figures — 


for the oxygen consumption in Periods I, II and III, especially so as the 
excursions of the recording lever were smallest in Period I; in neither 
period was any drug administered. 

But when the portions of the tracing corresponding with shes 
periods were placed side by side (Fig. 1) the interpretation became 
obvious. The fixed horizontal line appears at the top of the figure; 
the upstroke of the curve represents cardiac systole and the downstroke 
diastole. The small excursion in Period I is due not to deficient 
contraction but to diminished relaxation,in other words the diastolic tonus 


Fig. 1. Puppy’s heart. Upstroke=systole. Between Periods III and IV an injection of 
adrenalin was made into the tube leading to the heart. Time=12 seconds. . 
| 
of the heart is considerably greater in Period I than in Periods III or IV; 
and it seemed obvious that this fact accounted for the greater oxygen 
consumption during Period I. We have verified this fact on several 
subsequent. occasions and there is no doubt that increased cardiac 
tonus is a more potent factor in the consumption of oxygen than 
increased cardiac activity with good relaxation in diastole. | 


We did not obtain carbonic acid results of value in Exp. 1 = there 


proved to be too much CO, in the air of the operating room. In all 
subsequent experiments the gas analysis apparatus was kept in the 
adjacent room which was thoroughly ventilated. If the analysis is 
performed in fresh air the amount of extraneous carbonic acid in the 
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blood-gas bottles is reduced to about ‘012 c.c. and is constant throughout 
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the various determinations. With the precaution mentioned we have 
therefore neglected it in comparative results. 

In Exp. 2 we confirmed the result of adrenaun tajitien and 
subsequently reduced the metabolism of the _— with pilocarpine. 


The following are the figures which were obtained. oa 
Exp. 2. Anmsthetic and operation as in Exp. 1. of og, 
heart, 30 grms. 
for 6 ¢.c. to 
Condition Nature through x in consumed given 
I, No drag Venous 12 secs. 18°8 23°6 (a) 116 cc. 
Arterial 18°6. (b) 040 “038 
I. Adrenalin Venous 11 107 286 (a) 2°26 1:26 
Arterial (see Period 1) 
III. Laterstageof Venous 18 2278 
thesamedose Arterial (see Period I) (>) 
IV. Pilocarpine Venous 65 1290 (a) ‘80 10 
(oun 1)" (b) -010 


_ Adrenalin induoed an increase of metabolism in Exp. 2 which was. 
e very much less than in Exp.1. In the latter the oxygen metabolism 
4 was increased about four-fold (cp. Periods ITI and IV), whilst in the former 
4 it was not doubled, being 12 c.c. per minute in Period I as compared . 
t with 2°15 in Period II whilst it fell off to 15 in Period III. The tracing, 
| Fig. 2, at once shows that the increase in the activity of the heart 
produced by the adrenalin was very much less in Exp. 2 than in Exp. 1, 
and that this oxygen consumption is roughly the index of the change 
in functional activity. 


normal. 
‘Wig, 2. Upstroke = systole. Period I 
Periods II—III represent the condition after a small dose of adrenalin. Period IV 


shows inhibition produced by pilocarpine. ss 
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_ Pilocarpine and atropine. Period IV of Exp. 2 shows the effect of 
pilocarpine ; the heart has been reduced almost to a standstill and the 


metabolism and blood-flow have been considerably reduced and represent fl 
"a very low figure. The oxygen intake has come down to a quarter of in 
its normal figure; the carbonic acid given out is even more decidedly = 
decreased, whilst the blood-flow, which in Period I was 25 c.c. per ’ J 
minute, is now reduced to under 5 c.c. per minute. : ™ 
These very striking results of pilocarpine have been confirmed by — a 
Exp. 3 in which the drug was given directly to a puppy's heart. It was 
administered in two doses, which were followed by two doses of atropine. — 1 
The results of the experiment are as follows: eas : : 
Exp. 8, Weight of dog, 12 kilos, Puppy’s heart, 22 grms. 4 
Condition § Nature vessels, Oxygenconsumed COs given out 
I. Nodrug Venous 120c.c, 114 842 (a) cc. 91 cc. 
Lee. 6% (b) “014 086 
Pilocarpine Venous. 56 189 277 (a) ‘20 07 
1 0.0. 2%, (0) 009 008 
IV. Atropine Venous 66 124 22 #=@ss i. 
2% | (b) 015 005 
V. Atropine Venous 64 108 91 42 a9 
more 021 008 
BetweenTandIl Arterial (178% lost 
After V Arterial 170° 264 


* ‘Tho mean of thens readings 17°4 has been used as the basis of thia caleulation. 


Fig. 3 shows the activity of the heart in the five periods of Exp, 3. 
The general correspondence between the oxygen metabolism and the 
_ change in activity is clear. There are one or two points which require 
notice. The atropinised heart appears to be beating at least as actively 
in Period V as was the normal heart in Period I; the rate remains almost 
exactly the same, the atropinised heart to the normal heart being as 28 
to 29 beats. Nevertheless the oxygen metabolism though doubled by 
the administration of atropine is not restored to its original level, This 
effect is due, we believe, to loss of tonus due to the action of atropine 
on the cardiac muscle, but which we failed to record accurately. 
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The experiment shows another point for consideration, namely a 
tendency for the carbonic acid output to lag after the change in 
functional activity and oxygen intake. By comparing the last two 


_ columns of the preceding table it will be seen that the administration of 


pilocarpine which took place at 2.33 caused an instant drop in the 
oxygen intake but only a trivial drop in the carbonic acid given out. 


. (The figures of Period I apply to 2.35.) At 2.40 (Period III) the heart 


had almost ceased to give out carbonic acid, and whilst atropine caused 
a sudden rise in. the oxygen intake it produced only a gradual rise in 
the output of carbonic acid. This phenomenon if constant will be of 
importance in the interpretation of other blood-gas problems’. 


Fig. 8. Record of puppy’s heart. Upstroke=systole, Period I is normal. Period II 


_. shows. the effect after injecting 5 mgs. of pilocarpine and Period III after 20 mgs. 


Periods IV and V show the recovery of the heart after two successive doses of 0-4 mg. | 
of atropine. 


Tonus. Exp. 1 at once directed attention to the importance of tonus 


in the consideration of functional activity. Exp. 4 was undertaken to 


test how the metabolism of the heart was altered by drugs which are 
known to directly excite or depress cardiac muscle, For this purpose 
barium chloride and potassium chloride were selected respectively. 
Potassium chloride very greatly weakens the force of cardiac contraction 
and diminishes tonus, ultimately producing death in the most complete 
diastole. Barium chloride increases the force of the heart-beat, i increases. 
tonus, and in large doses causes death in systole. 


1 Barcroft and Brodie. This Journal, xxxt. p. 67. 1905, oe 
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Blood flow 
minu 
Period heart blood (0) por arm. perm, 
L No drag 14c.c. Venous 108 42°8 (a) 6.0. 1°66 c.c. 
12 Venous 10-4 40-2 (a) 1-29 
9 Venous 102 960 (a) 68 
020 
IV. KCl 11 Venous 13-2 362 (a) ‘o7 
(0) 025 
V. BaCl 12 Venous 857 (a)200 
VI. Venous 74 844 (a) ‘88 
V&V 


* Correct to the nearest cubic om. 
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| Exp, 4. Weight of dog, 11-9 kilos. Weight of puppy’s heart, 27 grms. 


Two portions of the tracing are reproduced in Fig. 4. 
The lower represents the transitional stage from Period I to Period II 

_ that is from a period in which the heart was beating somewhat feebly 
to one in which both the force of the beat and the tonus were very 
greatly reduced. This change was caused by potassium chloride. ‘ 

The upper portion of the tracing corresponds to the condition 

between Periods V and VI. In Period V the heart was beating very 
forcibly as a result of administration of barium chloride, whilst a second 
dose, given at the moment representing the beginning of the tracing, 
very soon sent the heart into a condition of almost complete tonus. It 
was in this condition that the blood of Period VI was taken for analysis. 
The figures tabulated above show how considerable is this continued 
effect of potassium chloride in reducing the oxygen consumed in the 
heart. This drug does not however cut out the carbonic acid production 
to a comparable figure, and in this respect it bears comparison with 
chloroform; and these two drugs will be further considered when we 
contrast their effect with that of pure cardiac inhibition. This experi- 
ment confirms the conclusion arrived at in Exp. 1, namely that the 
degree of tonus, as well as the aptitude of contraction, influences the 
gaseous exchange of the heart. __ | 
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_. Ieotome and isometric contraction. The same facts are shown in 
another way in Exp. 5. The tracing shown in Fig. 5 was obtained from 
a heart in which the aortic semilunar valves were incompetent. The 
cavities on the left side of the heart were distended with blood and the 
volume of the organ was much enlarged. The heart was endeavouring 
to contract but the resistance to the outflow of blood (i.e. the pressure — 


Fig. 4. Record of puppy’s heart, and blood-pressure of mother taken with Hiirthle’s 
manometer. Lower tracing shows the effect of KCl (1 c.c. of 1°/, solution) on the 
feeble and irregularly beating heart. It causes complete standstill in diastole. 
Sufficient KCl was not administered to effect the blood-pressure of the ‘‘ mother.” 

The upper tracing shows the effect of the second of two injections of BaCl, (4 c.c. 
of a 1°/, solution) given to the same heart. a 
which the heart does not recover. Time = 12 seconds. 


in aorta) being greater than the force of contraction, it was performing 

a series of approximately isometric movenients. At the point where the 
tracing changes its character the resistance to the outflow was abolished 
by introducing a tube through the wall of the left auricle into the left 


- ventricle so that now the heart could drive its blood up this tube at 


each contraction. In the first period the condition of the heart has 


a 
a 
: 
5 
ay 
3 
> 
To 
« 
4 
ich 
my 
1 
y 
a 
us 
way 
| 
§ 
aa 
W 
a 
an 
4 
} 
He 
# . 
. 


192 _ J. BARCROFT AND W. HE. DIXON. 


some resemblance to an enlarged heart with incompetent semilunar 
valves, such as occurs in mitral regurgitation : this is characterised by the 
rapid pulse and the failure to produce effective contractions. In the 
isotonic period the rhythm had returned to its normal rate and the 
contractions were well marked. The oxygen consumption in the first 


period was “174 c.c. per minute, in the second “169. Another point of — 


interest arises in that the slightly greater oxygen consumption was 
associated with a reduced blood-flow. In the isometric period the 
blood passing through the coronary system was 1°9 c.c. per minute, in 
the isotonic it was 2°6. 


I Il 


Fig. 5. Record of puppy’s heart. Period I shows the condition during the incompetence 
of the aortic semi-lunar valves (i.¢. the isometric condition), Period II shows the — 
recovery after a tube had been introduced into the left ventricle (i.e. the isotonic 
condition). 


Exp. 6. Weight of puppy’s heart, 27 grms. ‘ 


Rate Oxygen CO, 
Period heart biood por gem. pormin, (0) per grm. per 
I. Isometric Venous 2200. 75 34-0 (a) ‘194 c.c. "22 
IL Isometric Venous 261 92 873 (a) ‘269 85 
: (6) 0062 
Between II & III Arterial 157 ABB 


Chloroform. In Exp. 6 there were two periods, During the first of | 


these the heart was beating normally; at the point indicated by the arrow 
‘12 cc. of chloroform-water was injected. The heart responded almost 
_ at once by contracting less forcibly, and when the maximum effect was 


established the sample of blood was taken for analysis; the period when | 
this was done is indicated by the white horizontal line. Below the © 
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heart tracing is a record of the arterial pressure of the feeder ; it will be 
-_ seen that by injecting the chloroform directly into the vessel leading to _ 
| _ the perfused heart a striking effect was produced upon the heart without _ 
7 any immediate effect upon the general arterial pressure of the dog. 
Chloroform reduces the metabolism of the heart very considerably, the 


oxygen metabolism being reduced to a —_ tower figure than the CO, 
metabolism. 


Fig. 6.. Upper tracing represents record of puppy's heart. Lower tracing=blood-y 
of the perfusing animal. Period I=normal. 
20 minims of CHCl, water. ee 
- sample of blood was taken. 


The data associated with this tracing are tabulated below : 
Exp. 6, 


Cone Nature flow through ra CO, in Oxygen CO, 

coronary blood blood consumed given out 
Period § = heart blood vessels pc. per minute per minute 
L Nodrug | Venous 52 7118 c.c. 
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Chloroform, like potassium, exerts its toxic action on the ordinary 

musculature of the heart and the results obtained with drugs of this | 
class show a close resemblance to one another. 
_ Vagus. The most interesting method of reducing the contractions 
of the heart is by stimulation of the vagus nerve. In these experiments 
it proved to be much the most difficult. So far we have succeeded in 
obtaining a good effect only in cats. 

It was necessary to keep up the circulation and the artificial 

respiration in the small animal to a much later period in experiments 
on the vagus than in others. It was not possible to use puppies, as the 
air passages became blocked and the heart stopped from lack of oxygen. 
When the circulation was satisfactory the chest was opened, the azygos _ 
vein and superior vena cava were ligatured and the lung on the right 
side tied off about } inch from the root. Ligatures were then placed 
round the inferior vena cava, the two branches-of the pulmonary artery, 
the aorta, and the various lobes of the left lung. Some care is needed 
in placing the ligatures round the aorta as some of the fibres of the 
vagus may be included in the ligature. During this period the neck of — 
the animal was kept warm by means of hot sponges, The pericardium 
was not incised until ligatures were placed round the aorta and 
pulmonary arteries and then a transverse incision was made about | 
4 inch long. 

Up to this stage the circulation remained intact and the heart was 

beating well; at this point the arterial respiration was stopped; the 

- left lung, inlbrioe vena cava, and one branch of the left pulmonary artery 
were ligatured and cannule were inserted into the aorta and the other 
branch of the left pulmonary artery. No ligature was placed round the 
main root of the pulmonary artery. If the circulation from the feeder 
was now commenced the vagus was usually found to be quite active. But — 
in spite of these precautions the irritability soon ceased and excitation 
of the nerve rarely produced an effect half an hour after the commence- 
ment of the perfusion, so that the experiment should be performed as 
rapidly as possible. 

Another point of importance was the type of cannula x the 
pulmonary artery. This cannula was very likely to get blocked by 
a portion of the vessel wall acting as a valve. To avoid this we used, 
successfully, a glass cannula or rather catheter containing a large 


number of openings all round it, which was passed into the right 
ventricle, 


‘ 


In these experiments (Figs. 7 and 8) a different system of recording 
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the heart-beat was employed. A receiving tambour was prepared with 
a suitably bent pin rigidly connected to its centre, and this was brought 
into proximity with the centre of the left ventricle. In this way 
movements of the ventricle were communicated through the pin to the 
tambour and were in turn communicated to a second or recording 
tambour; so that when the heart contracted, the receiving tambour 
was driven inward and the recording tambour connected to it was 
driven outward, causing the lever to rise. In these tracings therefore 
the upstroke is the systole and the downstroke is the diastole. 
During the inhibition in Exp. 7, the rate of the heart is diminished 
by about a half; and the force of the beat, represented in the figure by 
the height of the contractions, is considerably reduced. 
_ Exp. 8 is not reproduced; the effect of the vagus on the heart was 
as marked as in Exp. 7; there was no after effect. We considered 
Exp. 8 especially satisfactory so far as the manipulations were concerned 
as it ran a particularly even course throughout. The following are the 
results of these experiments. : | 


Exp. 7. Cat, 4 kilos. Small cat, 2°1 kilos. Heart, 15 grms, 


of vessels blood per minute 
Period blood per min. p.c. (0) pergrm. permin. () per grm. per min. 
I. Normal Venous 67oc. 10% 54°9 (a) *22 6.0. 
Il Vagus Venous 46 09 8 
(b) -009 005 
II. After vagus Venous 6-0 80 (@) 
| | (b) 015 
— Arterial — 1897 462 
Exp. 8. Cat, 3 kilos. Kitten’s heart, 4:1 grms, 
I, Normal Venous = 2'14 10°6 (a) 12 
| (0) 022 08 
Il. Vagus Venous 104 97 892 (a) 066 086 
(b) 018 014 
After It. — Arterial — 149 


In each of the above experiments there is an obvious reduction in 
the gaseous exchange of the heart, and therefore direct expression of a 
chemical basis for inhibition. In each cage vagus stimulation cuts the 
oxygen consumption down to six-tenths of its previous value, whilst the 
CO, output is even more considerably reduced. 


PH. XXXV. 13 
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In view of these facts it is clear that no hypothesis to account for 
inhibition can hold good which regards it as a phase of increased 
anabolism. Its only certain chemical expression is decreased katabolism.— 
But beyond this statement we can discuss probabilities, It has been 
suggested that the carbonic acid which is produced normally by muscular 
contraction is a post-functional product, and that oxidation is not a 
manifestation of the chemical action which liberates the energy of the 
contraction but a subsequent scavenging of the waste products of 
activity. In other words contraction is independent of oxidation but 
oxygen is necessary to destroy waste products. If this view be held in 
its most extreme form it would follow that gaseous exchange would give 
no clue to the extent of the anabolic processes, and the data before us 
would be no evidence as to whether anabolism was increased or 
diminished. Increased oxidation would however be evidence of 
increased katabolism as the increase of the scavenging process would 


Fig. 7.. Record of the movements of the heart of a small cat perfused from the circulation 
of a large cat. Upstroke=systole. Period I=normal. In period II the signal mark 
. Tepresents the time of vagus stimulation (coil at 10 cms.). The third period corre- 
sponds to the after effect and in this period the third sample of blood was taken. 


indicate an augmented output of waste products. The theory is built 
for the most part upon the experiments of Hill and of Fletcher; the 
former has not,so far as we know, published the data which he obtained, 
and the latter has never expressed any public adherence to the inter- 
pretation which others have put upon his experiments. Fletcher’ has 
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* Fletcher. This Journal, xvi. p. 474, 1902, and xxx. p. 414. 1904. | 
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made it abundantly clear that in excised muscle the products of fatigue 
—of which lactic acid was supposed to be important and which Hopkins 
and Fletcher have recently shown is important—are abolished by 
oxygen, a result which is quite in harmony with experiments along 

similar lines performed in Richet’s' laboratory. But it has not been 
demonstrated that the carbon in the fatigue products of anrobic 
contraction is equal in quantity to that in the CO, of normal contraction. 
Indeed the recent work of Fletcher and Hopkins? lends itself to a 
very different hypothesis from the extreme view stated above. 

It is more usually held that oxidation is directly responsible for the 
energy of contraction by the combustion of some body of very high 
potential energy which breaks up, giving carbonic acid as one product. 
If this be the case then it does not matter to our argument whether the 
oxygen is supplied directly and a certain store of oxygenated material 
formed, or whether the oxygen is held by carrier till required, for in 
both cases the oxygen is closely bound up with the anabolic process. 
On any such view the figures we are considering would suggest esse 
of both anabolism and katabolism. 

In the foregoing remarks we have postulated only erobic iuiiies 
since these are the only ones with which we have yet experimented. 
In both Exps,7 and 8 there was ample oxygen in the venous blood, and 
it may therefore be claimed that the needs of the tissue for oxygen 
were always abundantly satisfied. Yet it is significant that in one of 
these experiments and in both of the experiments in which pilocarpine 
(presumably a vagus stimulant) was used, the carbonic acid output is 
reduced to a much greater extent than the oxygen intake. 


 Piloearpine Vagus 
Exp. 2 Exp. 8 Exp. 7 Exp. 8 

Oxygen taken in “80 “21 “13 024 

Carbonic acid given out ‘10 07 056 


Comparison of vagus and pilocarpine with potassium chloride 

and chloroform. 

We think it is important to compare the exchange during vagus 
inhibition, both when caused by stimulation of the nerve or by drugs, 
with that obtained by treating the heart with oo salts and with 
chloroform. 


1 Richet’s Dictionnaire de Physiologie, v1. p. 129. 
2 See this number of the Journ. of Physiol. 
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KCl 


dose Chloroform 
Oxygen taken in 55 3) ‘87 
Carbonic acid given out “58 67 19 


In the two last of these cases the oxygen taken in is reduced to 
a much smaller figure than the carbonic acid given out. 

The metabolism of the heart may conveniently be divided into two 
portions: (1) that connected with the beat, (2) that which is akin to the 
metabolism of resting muscle. Now the beat of the heart is much 
reduced or even abolished by a large dose of KCl or of chloro- 
form and correspondingly with this there should be a great reduction of 
oxygen intake and carbonic acid output; but the carbonic acid output is 
not reduced so much as the oxygen intake. This may be the result of 
the direct effect of chloroform on the residual metabolism of the heart. 
In harmony with this is the fact that chloroform increases the carbonic 
acid output of the resting gastrocnemius (Fletcher). In other words 
both chloroform and potassium chloride in toxic doses produce not only 
depression of the cardiac muscle as shown by the falling off of the beat 
but also dissolution, that is a breakdown of tissue into relatively simple 
bodies of which carbonic acid is the only one with which we are con- 
cerned here. The effect is very similar to the changes which immediately 
follow death of the organ. This effect is in contrast to nervous inhibi- 
tion whether produced by stimulation of the vagus nerves or by the 
administration of pilocarpine; in these the physiological inhibition is 
associated with an output of carbonic acid that is smaller than the 
amount of oxygen absorbed. This affords another proof that the action 
of such drugs as pilocarpine and potassium on the heart is entirely 
different, and to our mind tells strongly against the recent hypothesis of 
Howell’ that vagus inhibition is due to the action of potassium salts. 


Rate at which the equilibrium of carbonic acid is reached. 

The figures under consideration are worth recording for yet another 
reason. In some experiments by one of us? in collaboration with 
Dr T. G. Brodie it was found that there was often an excessive output 
of carbonic acid at the beginning of the experiments. One suggestion 
made to account for this fact. was that during manipulation the blood- 
flow had been slowed, and that carbonic acid was only slowly washed 
away and accumulated in the kidney. In other words that there was a 


? Howell. Amer. Journ. Physiol. xv. p. 281. 1905-6. 
* Barcroft and Brodie. This Journal, xxxm, p. 26. 1902. 
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very long lag between the carbonic acid production and its appearance 
in the blood. The results which we have tabulated with potassium 
chloride and chloroform might be explained in this way were it not for 
the pilocarpine and vagus results. In Exp. 7 for instance time was all 
important and the utmost expedition was used (the clock marked every 
12 seconds) ; it will be clear from this tracing that the carbonic acid put 
into the blood was cut down very rapidly and that the lag between 
carbonic acid production and expulsion was relatively short. 


Rate of flow through the coronary vessels. 


The blood-flow through the coronary vessels is obviously influenced 
by several factors. An increase in the rate of heart-beat, or an increase 
in the blood-pressure at the mouths of the coronary arteries will of 
itself tend to influence the blood-flow. It will also be influenced by the 
power of the beat, an increase of tone of the heart causing a decrease of _ 
flow (other things being equal). Thus in Fig. 8 it will be noticed that 
a rise of the arterial pressure of the perfusing animal is accompanied by 
increased tone of the perfused heart and a simultaneous decrease of 
blood-flow. 


Fig. 8. The upper tracing represents the arterial pressure of the dog (Hirthle’s mano- 
meter). Lower tracing shows the movements of the perfused heart. Upstroke= 
systole, The alterations of tone in the heart are synchronous with the Traube- 
Hering curves caused by injection of the BaCl,. Time=12 seconds. 


The factors named above do not however explain the alterations in 
blood-flow which are recorded. We follow Schafer in his observation 
tliat there is no evidence of vaso-motor nerves to the coronary system ; 
it therefore becomes necessary to consider those cases of alteration in 
the rate of flow for which we find no reason on the ground of general 
blood-pressure or of the direct effect of the cardiac rhythm. 2 

Arterial Pressure. The arterial pressure has been maintained so 
nearly constant in those experiments in which it was registered that we 
have no reason to suppose that any sudden change in the recorded rate 
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of flow was due to change of arterial pressure. It is possible that over 
the whole time which was occupied by an experiment changes in 
general arterial pressure may have been a factor for consideration. In 
considering the rates of blood-flow between two consecutive periods of 
an experiment we may eliminate the question of general arterial pressure 
and look to the heart itself for the cause of regulation of the blood-flow. 

Alterations in the rhythm. The important changes in blood-flow 
which are unexplained by the alterations in the heart's rhythm are as 
follows. 

1. As between Periods I and II of Exp. 1 there is nothing in the 
rate of the rhythm which would cause a decrease in the rate of blood- 
flow from 10c.c. per minute to 3°3, t.¢. a 66°/, decrease. The relation of 
the tonus would tend ‘to quicken the flow. 

2. As between Periods II and III of Exp. 1 the same observation i is 
true in a minor degree. 

8. As between Periods I and 1 of Exp. 8 there was a sonaldaiable 
change in the rate of the beat. The. pulse was 35 °/, faster in the 
first period than in the second yet the rate of blood-flow was aly about 
faster in the first. 

4. As between Periods II ‘nik III of Exp. 3 there was: the same 
_ change in the pulse, which in III was 35°/, slower than in II. In 

this case the blood-flow was reduced by 40°6 °/,. : 

5. As between Periods III and IV of Exp. 4 there was no increase 
in activity of the heart, which was almost entirely quiescent, yet there 
was an increase of 22°/, in the blood-flow. 

6. As between Periods IV and V in Exp. 4 there was an enormous 
change i in the activity produced by the injection of barium chloride and 
an increase of only 9°/, in the blood-flow. | 

7. In Exp. 7 we may compare Periods I and III although they 
are not consecutive, for we have ascertained that the blood-pressure was. 
constant and the periods were only separated by about two minutes. In 
Period I the blood-flow was 12°/, more rapid than in the third period, 
though the heart was beating much more actively in the third period 
than in the first. : 

Out of 21 possible comparisons given in this- paper, 7 are not 
explained on the grounds which we have considered. It remains 
therefore to seek some other factor which can exert an influence upon 
the calibre of the arterioles. 


and others have suggested that the of 


') This Journal, 1. pp. 108 and 262. 1878-9. 
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metabolism of an organ exercise such a function. In such organs as 
the hearts which we have perfused the CO, output will be a measure 
of the general production of metabolites and it is, itself, probably an 
important dilator agent. We have therefore plotted out the relation 
between the CO, production and the rate of flow through the coronary 
vessels, 
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Fig. 9 shows the rate of flow through the coronary vessels (dotted line); and the output of 
carbonic acid (continuous line). The figures along the ordinates are in each case 
¢.¢. per minute, those on the left-hand side of each curve refer to the continuous line, 

_ those on the right-hand side to the dotted line, The periods are arranged along the 


The CO, output and the flow of blood follow one another with great 
regularity. | 
We have no instance in which there is an increased blood-flow with 
a diminished CO, output, and one case in which there is a definitely 
increased CO, output with a diminished blood-flow (Exp. 2, Period ITI). 
We find in the production of katabolites a factor which will explain 
the alterations of blood-flow that cannot be explained on other grounds, 
and we have not discovered any evidence which prevents us from — 
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believing that they are among the influences which exert a controlling 
action upon the calibre of the vessels. 
_ In our-experiments CO, may be only an index of other metabolic 
products, such as lactic acid and purine bodies, which have a similar 
action. Severini has found however that CO, causes dilation of the 
blood vessels in the frog and although this was not confirmed by Roy 
(see also Tarchanoff, Pfliiger’s Arch., 1x. p. 413), it has been con- 
firmed by us; Brodie and Locke, Sherrington and Miss Sowton, 
- inform us that they have found similar effects in the coronary vessels. 
Energy of the heart's contraction. If we assume that the energy of 
the heart-beat is derived from the oxidation of a carbohydrate con- 


stituent by the oxygen taken, the data obtained in the foregoing — 


experiments as to the intake of oxygen afford a means of estimating 
the amount of energy set free by the heart. The data are collected in 


the following table. : 
Exp. :—1 2 4 7 8 
Normal oxygen intake) 
per grm. per min. 0-017 0°040 0-033 0-030 0-014 0-022 
Maximum do, 0-045 0-083 0-040 0-022 
Minimum do. sie: 0-010 0-010 0-009 0-012 0-009 0-013 


1 c.c, of O, oxidises ‘0013 grms. of sugar. The heat equivalent of a 
gram of sugar is approximately 4000 small calories. The mechanical 
equivalent of 1 calorie is 42,550 centimetre-gram units of work. Ina 
dog of 12 kilos the weight of the heart is about 120 grms. Thus the 
energy set free per minute of the heart of a dog of 12 kilos would 
be ‘0013 x 4000 x 42550 x 120 multiplied by -017 if estimated by 
the lowest normal intake of oxygen (Exp. 1), and multiplied by ‘04 if 
estimated by the highest normal intake (Exp. 4). That is, the energy 
varies from about 445,000 to 1,048,000 cm.-grm. units. The average for 
four experiments is about 786,000 cm.-grm. units. Since the heart was 
not working against any considerable pressure the numbers are probably 
somewhat low. 

The experiments of Stolnikoff', Tigerstedt* Zuntz’, and Stewart‘ 
_ gave the quantity of blood passing through the heart per second as 
about 0018 of the body-weight. Allowing the efficiency of the heart 
to be 30°/, and calculating the work of the heart by the following 


1 Arch. f. Physiol, p. 81, Leipzig, 1886. 

Skandinav. Arch, m1. p. 145, 1892-3. 

Quoted in Schiifer’s Text-Book, p. 48. 
* This Journal, xxm. p. 159. 1897, 
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formula, W= QH +e, the energy set free per minute by the heart 


of a dog weighing 12 a is about 700,000 cm.-grm. units. 

Our estimations then agree fairly closely with those arrived at by the 
observers mentioned, but they are distinctly lower than the earlier 
results of Volkmann. 


In the cat the energy set free per gram per minute appears to be 
somewhat less than in the dog. 

Comparison of the heart with other organs. The minimum values of 
oxygen intake are remarkably close to one another, and may be 
represented as ‘01 per gram per minute. The heart, of course, in no case 
has entirely lost its rhythm, but still it may be compared with some 
other organs during rest. The following are the approximate amounts 
of oxygen taken in by the resting tissues of which we have data: 
pancreas = ‘03—05 c.c.. per gram per minute, the submaxillary gland 
03 c.c. and the kidney *03c.c. The tissue of the heart, therefore, apart 
from its beat, has not more than one-third of the metabolic value of 
these organs. 

The maximum values given above may be compared in the same 
way with the values of active organs; those of the highest for the dog’s 
heart was 0°083c.c. per gram per minute, under the influence of 
adrenalin, whilst two others from the dog were 0°045 c.c. and 0°40 c.c. 
The corresponding approximations for the active kidney are ‘07 c.c., 
submaxillary gland ‘09c.c., and pancreas ‘lec. Here again the heart 
appears to undergo smaller metabolic changes than the glands, for 
although the figure 083 c.c. for the heart is very close to those for the 
glands, it is much lower than the highest recorded figure for any one of 
the three glands above mentioned. The figures for the submaxillary 
and the pancreas are approximate only inasmuch as the actual glands — 
_ were not weighed in each case, the average weight of glands in dogs of 
the size used being taken as the basis for calculation. 

The experiments of Richet and others have shown the average 
- oxygen consumption of the dog to ue 017 c.c. per gram per minute and 
of the cat ‘010 
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CONCLUSIONS. 


1. By means of perfusion from a living hirudinised animal we have 
maintained a circulation of undiluted blood through the coronary 
system of an excised heart. This circulation has been efficient enough 
to keep the heart in good condition for several hours. 

2. This procedure has enabled us to make determinations of the 
“gaseous exchange of the heart muscle and of the rate of the flow 
through the coronary vessels under varying conditions. 

3. There is a general relation between the oxygen taken up by the 
heart and its activity, a relation which has already been indicated by 
- Yeo. The carbonic acid output also varies with the activity of the 

heart, but lags somewhat behind it. Hence the changes in carbonic 
acid output lag behind the changes in oxygen intake. 


4. In estimating the activity of the heart account must be tailoon of 


tonus, as well as of the rate and amplitude of the contractions. Increase 
of tonus, such as can be obtained by administering barium salts 
augments the gaseous exchange; and decrease of tonus, obtained by 
potassium chloride or chloroform, diminishes it. Instances of augmented 
rhythm are afforded by adrenalin, atropine after pilocarpine, and the 
after effect of vagus stimulation; instances of diminished rhythm by 
pilocarpine and vagus stimulation. 


5. There is a close relationship between the carbonic acid output — 


and the rate of flow through the coronary vessels; we have given 
reasons to show that the liberation of metabolic products from the 
heart, of which carbonic acid is the chief, controls the vaso-motor changes 
in the coronary arterioles. 

6. Our results yield a figure for the energy transformed in the 
heart, which is in entire agreement with the calculations of Zuntz, 
Tigerstedt, Stewart, and Stolnikoff, for the work done by that 
organ but which is not in agreement with those of Volkmann and 
Vierordt. | 

7. The heart is of lower metabolic value, weight for weight, than 
the kidney, the pancreas, or the etry gland. 


defrayed much of the expense of the above research, and to the Government Grant 
Committee of the Royal Society which has accorded us a sum of money for the special 
object of obtaining hirudin. 
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ON THE EXCRETION OF NITROGEN, CREATININE 
AND URIC ACID IN FEVER. By J. B. LEATHES. 


It was observed by Folin that the absolute amount of creatinine 
excreted by any individual was the same, provided that his diet 
contained no creatine, whether that diet contained no more than 
1 gramme of nitrogen or the usual full allowance. He argues from 
this that the excretion of creatinine, more strictly than that of nitrogen 
in all forms, or particularly of urea, should be taken as a measure of 
the true metabolism of the tissues’, 

Very similar views as to the significance of the excretion of urea, 
and therefore of the ordinary nitrogen estimations in urine, as an index 
of tissue metabolism, had it seemed to me been forced upon us by the 
work of Jacoby and of Lang*. This work showed that the amino 
acids formed in the digestion of proteid food are exposed, in the cells of 
the intestine and the liver and of other organs as well, to the action of 
an enzyme that removes the amino groups, presumably by a hydrolytic 
- change, and so converts these compounds into non-nitrogenous | 
substances. The ammonia thus set free may be supposed to be 
converted into urea in the liver and excreted in the urine at a time 
when the chemical energy of the organic compounds from which it 
was derived is still intact. The appearance therefore in the urine of 
nitrogen derived from proteid food tells us nothing certain as to what at 
the time has become of the essential organic compounds of which that 
proteid was composed, and nothing as to the proportion of the total 
energy set free in the body which has been derived from proteid sources. 
And to measure the true nitrogenous metabolism of the body tissues 
by estimating the nitrogen in the urine is — unjustifiable when 
proteid food is being absorbed. 

Folin’s conclusion referred to above was the result of comparing 
the proportions in which the different nitrogenous substances occur 
10, Folin. Amer. Journ. of Physiol. xu. pp. 66 and 117. 1906. 


2 "These views are discussed more fully in Problems in Animal Metabolism, p. 155 seq., © 
John Murray, 1906. 
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in the urine, when a diet of starch and cream containing only 1 g. 
of nitrogen was taken, with those observed when the usual amount of 
nitrogenous food was taken by the same individual. The nitrogen 
amounting to about 4 g. excreted daily on the starch and cream 
diet clearly must be for the most part derived from tissue metabolism. 
And the fact that of this nitrogen as much as 17°/, is in the form of 
creatinine is very important and striking, and well able to carry the 
weight of argument that Folin proceeds to build upon it. But while 
the percentage of the total nitrogen which is excreted in the form of 
creatinine is in such circumstances so much increased, that which is 
excreted in the form of urea though considerably reduced is still found 
to be 60°/,, and therefore even so the principal form in which the 
products of tissue metabolism give up their nitrogen is still urea. 

In the interpretation of the nitrogenous metabolism of the tissues 
there are thus two facts of importance to be reckoned with : firstly that 
a part of the urea, perhaps the greater part of that excreted under 


ordinary conditions, has no more to do with tissue metabolism than the. 


additional uric acid excreted after ingestion of uric acid itself or of other 
purine bases ; it is simply formed from ammonia that has been rejected 
from redundant nitrogenous food-stuffs : and secondly that the creatinine 
is unlike the urea in that all of it is derived from the internal metabolic 
processes of the tissues, except such small fractions of it as are due 
to the creatine gratuitously introduced into the system with the food. 
These two facts show that in the interpretation of tissue metabolism 
we shal] have to assign more importance to creatinine and less to urea 
than the relative proportions in which they occur in ordinary urine 
would indicate. | 

But it does not follow of course that increased tissue metabolism 
will show itself principally in increased creatinine excretion, nor even 


necessarily in such an increase at all. Urea, uric acid and ammonia as 


well as creatinine are all found in the urine when the nitrogen in the 
urine is almost entirely derived from the tissues: and not the food, and 
an increased tissue metabolism may show itself in an increased output 
of some of these more than of others, or even unaccompanied by any 
increase in the output of others. It may be taken as probable that the 
metabolic processes leading to the production of these different 
nitrogenous excreta are themselves different, and till we know what the 
significance in metabolism of each of the excretory substances is we 
. cannot foretell what effect any departure from the normal conditions 
will have on the relative proportions in which they occur in the urine. 
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In dati it has long been known, the excretion of nitrogen is high 
and independent of the amount admitted into the body with food. 
This nitrogen must therefore be traced to the breakdown of nitrogenous 
substances which have formed part of the body. And the investigation 
_ therefore of the nitrogen excretion in fever in the light of the facts 
referred to above acquires special interest. 

It is easy to determine what proportion of the total nitrogen excreted 
occurs in the form of creatinine in the urine of patients suffering from 
febrile diseases, who are not given any meat, and to compare this with 
the figures from the normal urine of healthy subjects. 

In normal individuals on a diet containing full amounts of nitrogen 
but no meat Folin found values for this ratio ranging from 3°5 to 
4°5°/. Van Hoogenhuyze and Verploegh, who used the same 
method for estimating creatinine as Folin, give tables from which it 
appears that in their experiments the ratio of nitrogen excreted as 


creatinine to the total nitrogen, 4) did not sink below 4*/, and ranged 


from that to 6°/, even with diets containing 100 g. of proteid or 
more*, In two normal individuals taking no meat, but a diet that was 
otherwise varied and gave a nitrogen output amounting to about 
14g. daily, I found in one case on 4 successive days the values 5:21, 
5°03, 4°89 and 5°75°/,, in the other 5°73, 5°84 and 5°26°/,. 


This ratio oar was then determined in the following cases of febrile 
diseases among patients in St Thomas's Hospital. 
I. A. 0. Adult: Rheumatic Fever. 


4th day of fever. 101°6 21°37 1°35 237 
Sth ” 101°8 21°79 1°54 2°63 
6th 100°6 18°89 1°32 2°61 
7th 101-8 19°86 1°34 2°51 
10th 94 11°78 1°29 4°79 

Il. T. W. Age 5: Pneumonia. 

6th day of fever. 104°4 _ _ 2°28 
7th ” 108 6°90 0°39 2°09 
8th 102°4 6°11 0°24 1°43 
9th 102°6 1-82 
10th 99°6 2°34 


. the total output for the 24 hours only on two of the days. 


1 Folin, loc. cit. supra. 
? Van Hoogenhuyze and Verploegh. Zeitz. f. physiol. Chem. xuvi. p. 415. 1905. 
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Ill. J. B. Adult: Ulcerative Endocarditis. 
Maximum Total CN 
temp. Total N. creatinine 3 TN *lo 
101°6 12°9 8°49 
102-4 0942 3-08 
103°2 11°14 0°966 3°30 


These figures show that though probably in each case and certainly 
in the first two there was increased tissue metabolism, the proportion of 
the nitrogen leaving the body in the form of creatinine was low, in all 
probability lower than usual in health. 


But it is difficult to decide this on patients who are already ill 


before they come under observation, and whose diet when they are not 
ill it is difficult to control. Accordingly I started to take myself a diet 
_ which contained no meat nor soups made from meat but was otherwise 
not restricted. The morning and mid-day meals were composed of 
bread, butter and eggs, the evening meal of milk soup, vegetables, 
omelette, macaroni and cheese. Approximately the same quantity of 
each article of food was taken each day. Tea was taken three times a 
_ day and coffee once ; no other fluids were drunk. The urine was taken 
and measured at intervals during the day and each specimen analysed 


by itself. The total excretion for each 24 hours, beginning with the | 


last day on which meat was included in the diet, was as follows : 


Total CN 
creatinine iN 
July 5 (diet with meat) 15°80 2°22 5:4 
»» 5 (diet with no meat) 15°31 2-07 5-038 
14°34 1°94 4°89 
13-07 1°95 5°75 


On the 9th at noon 1°75 c.c. of the anti-typhoid vaccine prepared 
at the laboratories of the Army Medical Staff were injected into the 
flank. The usual constitutional symptoms of the reaction to the 
vaccine came on in the evening, loss of appetite, headache, pains in the 


legs, and buzzing in the ears. The rectal temperature rose gradually — 


from 99°8 at 2 p.m. to 102°7 at 11.30. At 1 am. it was 1022 and at 
- 2am. 1020; and then after about 4 hours’ sleep was 101°0 at 7 am., 
and continued to be slightly raised till the afternoon when at 4.30 it 
was 100°5 which for that time of day during laboratory work is barely 


above a normal figure. The figures for _ 9 and 10 to complete the 
above series were as follows: | 


Total 
Total. - —>ereatinine 
July 9 20-94 2-35 417 


» 10 1412 4°70 
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There was thus on the day on which the temperature went up an 
increase of about 20°/, in the output of creatinine, but an increase in 
the total nitrogen output of more than 50°/,, and consequently a 
‘diminution in the percentage of the total nitrogen formed by the 
creatinine nitrogen. How closely in point of time the rise in the 
excretion of nitrogen and of creatinine coincides with the rise of 

temperature is sliown ‘by the curves in Fig. 1. These curves were 


it 
greens 
ii 
| 103 
102 
TEMP. 4 100 
URC ACO 99 
7 10 7 10 lewd 7 1 4 7 1 
9. Juty 10. 


Fig. 1. Showing the rate of excretion of nitrogen, in decigrammes per hour, and of 
creatinine and uric acid, in centigrammes per hour, for the day preceding and the 
day following the injection of anti-typhoid vaccine. The time of the injection is 

onward. 


obtained by calculating the hourly rate of excretion of nitrogen, 
creatinine and uric acid for each of the periods of the day preceding 
and following the injection which caused the febrile attack (Fig. 1). 
The variations in the rate of excretion of nitrogen and creatinine on the 
first day shown in the figure are typical for the conditions of this 
experiment: that is to say, the nitrogen excretion is highest during the 
first hours of sleep, declines during the latter part of the night, rises and 
is high through the first half of the waking hours and declines again in 
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the evening. After the injection however the evening decline is 
replaced by a sharp rise corresponding exactly with the rise of tempera- 
ture, The creatinine excretion is normally lowest at night and is not 
affected by the rapid excretion of nitrogen that occurs in the first hours 
of sleep. It rises during the day and reaches its maximum in the 
early afternoon’. But after the injection the rate at which creatinine 
was excreted rose, instead of falling, at night and reached its maximum 
at about the time when the temperature was highest. Similarly with 
the uric acid, the excretion rose and was very high between the hours 
of 7 pm. and 1 am. when it is normal for the excretion of this 
substance to be less active than at any other time of the day. The 
uric acid in this experiment, however, was not determined except for 
the times indicated in the figure, and these determinations were made 
under difficulties as an afterthought. The effect of fever on the excre- 
tion of uric acid comes out more clearly in a later experiment which 
was carried out expressly for showing this. 

In the later experiments special care was taken to obtain the curve 
of excretion under normal conditions with which to compare that | 
obtained in fever. The irregularities traceable to the diuretic action of 
tea and coffee were eliminated, and also those due to the lack of 
_ uniformity in the distribution through the day of the nitrogen intake. 
Food was taken six times a day at intervals of 3 hours and all the 
six meals were identically the same both as to fluid and_ solid 
components, The urine for each 3-hourly period was analysed 
separately. But even so, remarkable variations in the rate of excretion 
at different times of the day occur, and recur daily; these have been 
described and in part discussed in an earlier paper. The regularity 
with which these variations occur on a series of normal days makes it 
possible to construct a curve of the rates of excretion normal for a 
particular diet with which to compare the rates induced by abnor- 
malities such as a febrile attack. — : 
| In the first experiment on this plan, after 5 normal days on 

a fixed diet composed of milk, bread and butter, a second dose of the 
anti-typhoid vaccine equal in amount to the first was injected about 
5 weeks after it. But this was not followed by any certain rise of 
temperature nor was there any marked alteration in the rate of 
excretion of either nitrogen, creatinine or uric acid. The immunity 

1 Curves taken from the average of two series of days on different diets illustrating 


Variations in the Excretion of Uric Acid,’ this Journal, vol. xxxv. >. 1. 
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established by the first dose was proof against a second dose of the 
same strength 5 weeks later and no reaction was to be noted except the . 
local one and in a slight degree some of the subjective symptoms, 
headache and pains in the legs. Accordingly 4 days later a dose of the 
plague vaccine prepared at the Lister Institute was injected, which had 
_ been proved in other subjects to give a marked reaction. But this was 
also followed by no definite symptoms, no fever and no change in the 
excretions. This result was remarkable, for in a sample of blood taken 
13 days later the opsonic index for plague bacilli was found by 
Dr Boycott to be 1°6, showing that in spite of the absence of 
constitutional symptoms the vaccination had not been without 
effect. 


The following protocol gives the figures for the periods of 24 hoars each, beginning 
from the day on which the diet was first taken: 


Aug. 12 14°65 2°05 a 
13 15°96 2°04 
14 17-90 1-99 ~ 
15 18-60 2°10 
16 19°64 2-16 0°55 
17 19°67 2°17 0°64 1°75 ¢.c. Typhoid Vaccine at the 
18 20°37 2°05 0°635 beginning of this period of py ae 
19. 17°30 2-02 0°59 at 1 p.m. 
20 17:77 0°57 
21 18°52 2°12 0°59 1°75¢.c. Plague Vaccine at the Sth 
22 18°76 2°10 0°60 _—ihour of this period of 24 hours. 


After the typhoid vaccination the local reaction was marked as on the former occasion 
by redness and tenderness over an area about 4 or 5 ins. in diameter. The temperature 
taken at intervals of about 8 hours throughout the 24 hours did not rise above 100°2. 
This is not more than a degree above the normal for rectal temperatures at the hours 
at which it was observed, viz. 8 a.m. and 5 a.m. The details of the urine analyses 
show that in none of the three-hourly periods was there any more marked departure from 
the normal average rates for those periods than that indicated by the sum of the excretions 
for the whole 24 hours given in the column of figures above. 

After the plague vaccination the rectal temperature was again 100°2 at 5 a.m., 
may frequently be observed during the active hours of the day. ; 


For the next experiment a different diet was taken consisting of 
plain biscuits, butter and water, taken as before in equal amounts every 
8 hours, The daily intake of nitrogen was about 5 g., the daily output, 
after it had become approximately constant, was about 7°5 g., the heat 
equivalent of the food was also considerably less than in the earlier 
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experiment, so that there was some loss of weight amounting in 
18 days altogether to about 1 kg. : | | | 

On the last day but one a larger dose, 46 cc, of the same anti- 
typhoid vaccine as that taken in the earlier experiments was injected 
into the flank as before, the interval between this dose and the previous 
one being about 5} weeks. 

On Sept. 24, 6 p.m., 4°6.c.c, anti-typhoid vaccine injected. 

10 p.m. The local reaction was pronounced with redness and tenderness. 

11.15 p.m, A definite but not severe rigor lasting about 20 mins., shortly afterwards 
the temperature was 101-2. 

Sept. 25, 1.80 a.m. Temp. 103-0, headache and pain down the legs. | 

4.80a.m. Temp, 102-8, less headache, but sciatic nerves painful on stooping. 

7am. Temp. 102. 

10 a.m. Acute symptoms passed off, leaving weakness and aching. The usual meals 
were taken at 7 and 10 a.m. and at 1 p.m., but the other three meals due that day were 
dropped, though the water was taken as usual; the high nitrogen excretion on the night 
of the 25—26th may be partly due to this, In the evening of the 25th the particularly 


high nitrogen excretion between the hours of 7 and 10 p.m. is also to be explained in part 
as the usual effect of an hour and a half’s deep sleep. 


In the period preceding the injection on 7 normal days, after the 
irregularities of the first few days on which the diet was taken had 


disappeared, the following figures were obtained for the excretion of 
nitrogen, creatinine and uric acid : 


Total Total 
Total N. creatinine uric acid 
Maximum 8-04 2-22 0-50 
Minimum 6-81 0-38 
Average for 24 hrs, 7°68 2°07 0°44 


In the 24 hours from 10 p.m. on the 24th to 10 p.m. on the 25th 
the corresponding figures were : 


9-76 
The details of the excretion in each of the periods of the day are 


given in Fig. 2 in which the dotted lines indicate the average rate of | 


excretion in each period of 3 hours as obtained from the normal days on 
this diet, and the dotted temperature curve the temperatures observed 
during a normal night without fever. The unbroken lines show the 
rates observed in the corresponding periods after the injection. In 
order to avoid superposition of the curves, those for the total nitrogen 
are drawn throughout 2 divisions on the diagram higher than they 
actually should be. The values are given in centigrammes for 
creatinine and uric acid, and in decigrammes for nitrogen. 
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The most striking departure from the average rates is in the case 
of the aric acid: the rate between the hours of 10 p.m. and 4 am. 
being nearly 4 times the average rate for that period of the day 
and considerably higher _ the maximum rate for any period of 
the day. 

The rate of creatinine excretion was during these hours also higher. 
than the normal maximum although normally these hours are those at 
which the rate is slowest. The actual increase in the rate of excretion 
of this substance during the night was about 25 °/, above the average 
for that period of the 24 hours. 
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Fig. 2. Dotted lines show average rates of excretion taken from the observed rates of six 
normal days on this diet. Unbroken lines, the actual rates for the corresponding 
periods of the day after the injection of anti-typhoid vaccine, which took place at the 
time indicated by the sign }. 


The total nitrogen excretion during the 9 hours of the night, 
when the temperature was raised two degrees or more above the 
normal, was also considerably above the average rate, the increase 
amounting to nearly 40°/,. 
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214 LEATHES. 
To return in conclusion to the point from which these experiments 


started, namely the proportion of the increased nitrogen output 
accompanying fever which appears in the form of creatinine, the first 


experiment showed that the ratio we fell in the 24 hours in which 


the rise of temperature due to the typhoid vaccine occurred to 
4°17°/,, having averaged on the 4 previous days 5°22°/,: the last, 
experiment, in which of course, owing to the small amount of nitrogen 
in the food, this ratio had a higher value, gave a fall from the average 
of 9°8°/, on the 9 previous days, to 8°4°/, on the day in which the 
febrile attack occurred. These results confirm the evidence obtained 
from’ patients in hospital. The conditions of the last experiment 
however allow us to compare the ratio more exactly at the hours at 
which the temperature was raised. Thus: ) | 


Froml0pm. 4am, From 7 a.m. 


to 4a.m. to T a.m. to 10a.m. 
Average value for Sn "/ 18 18-0 14-2 
Value during fever 87 18-2 
If we take the similar ratio for uric acid the figures are 
Average value tor OER: 10 88 
Value during fever 8-5 


While therefore the proportion of the nitrogen excreted during 
the fever which appeared as uric acid was very considerably increased, 
the proportion that appeared as creatinine was consistently diminished. 


CoNncLUSIONS. 


In these experiments the increased nitrogenous metabolism — 


accompanying fever was found to involve an increased output of both 


creatinine and uric acid, as well as of total nitrogen. But the 


increased output was most marked in the case of uric acid, and least 
marked in the case of creatinine. 
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GALVANOTROPISM IN THE CRAYFISH. 
By F. R. MILLER. 


(From the Physiological Laboratories in the University of Toronto.) 


THE earliest observer of the phenomenon of galvanotropism was Mach’, 
but the first detailed account was given by Hermann’, who found that 
when free-swimming tadpoles or salmon-embryos were subjected to the 
influence of a galvanic current they came to rest with their heads 
towards the anode. Subsequently* he extended his earlier studies ; the 
central nervous system was stimulated by an ascending or homodromic 
current, depressed or paralysed by a descending or antidromic current. 
Decapitated specimens also manifested the same peculiarities, e.g. unrest 
in ascending, rest in descending, currents, Even pieces of tail, provided 
they contained spinal cord, behaved in an entirely similar manner. 
In 1893 Blasius and Schweizer‘ carried out an extended series of 
observations on both vertebrates and invertebrates. The discovery of 5 
-galvanotropism in the crayfish is due to these authors. They attempt 
to develop the view that a descending current causes anelectrotonus of 
the brain with consequent depression of reflexes, while an ascending 
current, on the other hand, leads to katelectrotonus of the brain with 
consequently increased reflex-irritability. Hermann and Matthias’ 
criticise the position of Blasius and Schweizer. The brain is certainly 
not essential for the reaction, as one gets practically the same results in 
decapitated animals, Moreover it is impossible to determine the exact 
physiological electrodes, many of which undoubtedly exist within the 
central nervous system. More recently the subject has been approached 
by Loeb and his students, both as regards the higher and lower forms. 
Loeb and Maxwell‘, in an article on different crustaceans, state that 


1 Mach. Bewegegungsempfindungen, p. 53. Cited by Breuer, Sitzungsb. der Wiener 
Akad. oxty, p. 27. 1905. 

2 Phliiger’s Arch. xxxvu. p. 457. 1885. 

Ibid, xxxrx. p. 414. 1886. 4 Ibid, p, 498. 1893. 

Ibid. uvn. p. 391. 1894. Ibid, p. 121. 1896. 
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MILLER. 


when medium-strength Siurents are used the above-mentioned stimu- 
lating and depressing influences are not observed. They explain the 
appearances by means of an ingenious though intricate theory. 

In addition to the above work which has been carried out 
on the higher forms, much has also been done on the Protozoa; a 
great deal of this has been of a purely physiological character. 
Some observers, however, have attempted to give various physical 
explanations : for example, Carlgren’ attempts to explain it by means 
of kataphoresis; Loeb and Budgett? by the action of the products of 
electrolysis, while lately Coehn and Barratt* have given an inter- 
pretation from the point of view of physical chemistry. 

In view of the great interest attaching to the phenomenon it is 
strange that so comparatively little work has been done on the crayfish, 
which is rather unique among the higher forms in manifesting a 
galvanotropic attraction. I have therefore thought it desirable to 
make the following contribution to this subject. 

Method. The animal used was the common Canadian crayfish, 
_ Astacus fluviatilis, The current employed was that installed in the 
laboratories; it is derived from the city-mains and is cut down by 
means of appropriate rheostats. For the most a current of 6 volts 
was used, but for some experiments it was increased to 15 volts. The 
fine gradations of current were secured by a rheostat, consisting of a 
bath filled with 10°/, CuSO, to which a few drops of H,SO, were added: 
into this dipped two V-shaped copper electrodes, which could be moved 
vertically as well as horizontally through the solution and the desired 


strength of current in this way obtained. The experiments were 


carried out in a glass dish measuring 20x5x 10cm. Like Blasius 
and Schweizer the writer made use of sheet-zinc electrodes, the cross- 
sectional area of which exposed to the water was 1750 sq.mm. For 


very large animals a larger bath was used, measuring 36 x 10 x 8cm., 


the area of the electrodes being 4800 sq. mm. The current was 
_ Measured by means of a very accurate D’Arsonval galvanometer, which 
threw a beam of light upon a celluloid scale. The instrument was 
graduated so that 15 mm. deflection corresponded to a current through 
it of 000848 milliampéres. Its resistance was 190 ohms. In the 
experiments it was shunted against a resistance of 0°1 ohm, and the 
current traversing the whole circuit determined. The currents were 
‘ Arch. f. Anat. u. Physiol. p. 49. 1900. 


Pfliiger’s Arch. uxv. p, 518. 1897. | 
Verworn’s Ztschr. f. allgem. Physiol. v. p.1. 1905. 
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estimated in Hermann’s units, equals. 1/1000 milliampére per sq. mm. 
of area exposed. 
The crayfish when placed in a dish such as the above with zinc 
_. electrodes at opposite ends behaves as follows in response to the constant 
current. With @ weak current the animal, if already facing the anode 
(antidromic position), moves forwards in the typical coordinated manner 
described by Bethe as normal for the crayfish’. If not in this position 
it turns to assume it and then moves forwards as before. With a strong 
current the animal in the antidromic position moves forwards very 
rapidly, but if the current is excessively strong the limbs become rigid 
and the animal is unable to advance. If a strong current is passed 
through an animal in the homodromic position it moves backwards by 
the powerful and characteristic tail-flexions : it does not in this instance 
first assume the antidromic position, but darts backwards to the anode. 
It is true the animal sometimes goes to the kathode, but it is undoubted 
that the main tendency is to move to the anode, where it invariably 
remains the longest and goes most readily. Such irregularities are 
probably due to the influence of the electrolytic products of dissociation. 
When the head is towards the anode, at the moment of closure of 
the current, the telson is closed together, but soon spreads out again ; 
the chela also undergoes a preliminary closure followed by opening: the 
abdomen is at the same time extended. When moving backwards to the 
anode the telson is spread out and the abdomen flexed underneath the 
thorax. | 
When using currents of moderate strength, one cannot observe any 
such definite orientations of the limbs as Loeb and Maxwell’ describe 
for Palemonetes. Only when the animals are exposed to strong currents 
is it possible to make out anything of this kind. The appearances of 
Astacus under these circumstances have been described and figured 
photographically by these authors. In the antidromic position one has 
the abdomen stretched out, the chelipeds flexed and the claws firmly 
closed. In the homodromic position the abdomen is flexed, the telson 
spread out, the antennw are bent backwards, the antennules bent 
underneath the body, and the claws stretched open. Loeb and 
Maxwell had noticed that the muscle which opens the claw was here 
in a state of contraction. When the current is passed transversely 
through the animal one notices that the limbs are flexed on the side of 
the anode, extended on the side of the kathode, the claw on the anodic 
side is closed, that on the kathodic side is open. 
1 Pfliiger’s Arch. p. 456. 1897. loc. cit, 
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It is doubtful whether Loeb and Maxwell, although describing 
thane appearances, placed the correct interpretation upon them. The 
~ behaviour of the claw in the above instances really gives the key to the © 
whole problem. When the head is towards the anode the claw is 
closed, when it is towards the kathode the claw is open; the appear- 
ances presented by all the muscles may be explained entirely by 
a reference to the well-known Ritter-Rollett phenomenon’. Ritter, 
at the beginning of the nineteenth century, studied the effect of Ae 
stimulating the sciatic nerve in the frog, with the muscles of the limb 
intact. He found that with weaker stimuli one gets contraction of the © 

flexor muscles, and consequently flexion of the limb, while with stronger 
stimuli the extensor muscles contract and marked extension is obtained. 
Rollett? in 1874 verified these earlier results with more suitable 
means and established the principle that antagonistic muscles, such as 
the flexors and extensors of a limb, possess, relatively to each other, 
different degrees ofirritability. It has since been found that the principle 
involved in the Ritter-Rollett phenomenon is but part of a great 
general law. Thus Griitzner* found that one strength of stimulation 
applied to the vagus caused narrowing of the glottis, while a stronger 
stimulus caused opening. Indeed it is very probable that wherever 
antagonistic groups of muscles exist these differences in irritability 
obtain. It is practically certain that this principle plays a very 
Important réle in the normal functioning of these different structures. 
Probably the best and most interesting example of this phenomenon 
is afforded by the claw of the crayfish. Richet and Luchsinger‘* were | 
the first to show that a weak stimulation of the nerve of the limb led to 
opening of the claw, while a stronger one caused closure. As is well 
known the opening and closing movements are carried out by means of 
two antagonistic muscles, a small abductor and a large adductor, the 
former contracting under the influence of a weaker, the latter of a 
stronger, stimulus. The question now is whether the result attained 
in any case is not merely the outcome of a struggle between the two : 
muscles or whether there is such an arrangement that contraction in og 
one muscle is associated with inhibition in its antagonist. This question ng 
this phenomenon is given by Osswald, Pfliiger’s Arch. u. p. 215. 
d. Wiener Akad. uxx. uxxt, uxxu. 1874-76. Cited by Biedermann, 
Breslauer lirtel Ztechr. p. 190. 1883. Cited by Biedermann, Electrophysiologie. 


*Richet. Physiol. des muscles et des nerfs, p. 274. 1882. Luchsinger, Pfliger’s 
Arch. p. 60. 1882. Cited by Biedermann, Electrophysiologie. 
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has been answered by Piotrowski’, who has studied the abductor and 


adductor muscles separately; working in this way he found it possible 


to obtain genuine inhibitory effects by appropriate strengths of stimu- 
lation. It is particularly interesting in this connection to note that 
the strength of stimulation which produces contraction in one muscle 
produces inhibition in its antagonist. We have here obviously a 
_ remarkable peripheral mechanism, which enables the opposed muscles 
to act in absolute harmony relatively to each other. 

The anatomical basis has been worked out very fully quite recently — 
by Mangold*. He finds that each of the claw muscles is supplied by 
two sets of nerve fibres: not only so, but all the body muscles studied 
have been found to possess a double innervation. It is but natural then 
to assume that one set of fibres conducts motor, the other inhibitory, 
impulses. Inhibition by stimulation of peripheral nerves has been 
observed among other Invertebrates. For instance Pawlow’ found 
the muscles which close the shells of molluscs to be supplied with motor 

and inhibitory fibres. 

Effects somewhat analogous to the above are to be noticed in the 
Vertebrates. Thus if the flexor-reflex at the knee-joint is induced by 
stimulation of the foot the extensor muscles are found to be inhibited‘. 
The inhibition necessary for the coordination of the antagonistic muscles 
of the crayfish claw is seen to be a peripheral phenomenon. Among 
the Vertebrates, on the other hand, it is associated with the inter- 
vention of the gray matter of the central nervous system’. The cause 
of this phenomenon in the crayfish is not at all certain. It may be, 
however, that the so-called “interference phenomenon ” in nerves plays 
an important rdle°. 

Who can doubt now that the behaviour of the crayfish, when under 
the influence of a constant current, is not associated with such funda- 
mental peculiarities of its neuro-musculature as these? When the 
head of the crayfish is towards the anode the claw is closed, when 
towards the kathode it is open. In the first case we must suppose the 
_ stimulus passing down the peripheral nerves to be of such a character 
that contraction is induced in one set of muscles, and inhibition in their 


2 Verworn's Ztschr. f. d. allgem. Physiol. v. p. 186. 1905. 

3 Pfliiger’s Arch. xxxvu. p. 6, 1885. 

‘Sherrington. The Integrative Action ” Nervous System, p. 88. 1906. 
5 p. 85. 

6 Fuld.- Pfliiger’s Arch, uxxxt. p. 381. 1900. 
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antagonists, As far as I am aware inhibition has not been demonstrated 
in the other body muscles, yet it undoubtedly occurs, for the anatomical 
basis is present, as mentioned above. We may be quite certain then 
that not only the appearances in the claw depend on these facts, but 
also the entire orientation of the animal. When the’ crayfish is in the 
antidromic position the current acts on the central nervous system in 
such a way that the impulses originating are of a strength suited to 
cause the contraction of one group of muscles, those of the limbs, body 
and telson with inhibition of the antagonistic group; when the animal 
is in the homodromic position the other group of muscles is stimulated, 
while the first group is now inhibited. 

_ Biedermann! and all other investigators agree that the central 
nervous system is the chief point of action of the galvanic current. It 
was not inconceivable that reflex stimulation occurred from the sensory 
endings in the skin, but this possibility has been recently excluded by — 
Breuer*. It would seem probable that the peripheral nerves must also 
receive stimulation, and this may be readily shown by the following 
simple experiment. The cheliped is cut off and placed in a dish of 
water, through which a current is then passed. It will be observed 
that the muscles are differently affected when the current is passed in 
_ opposite directions. That the appearances are due to the action of the 
current on the nerve can be readily shown, for if two holes are made in 
one of the proximal segments and platinum electrodes inserted, through 
which currents are passed, one obtains similar results. Studies of this 
kind have also been carried on by Biedermann’, who finds that in 
general the closing and opening muscles behave in an exactly opposite 
manner as regards the constant current. Here then we have another 
undoubted factor, though a secondary one, in producing the orientations 
of the crayfish. Since the action of the current on the peripheral 
nerves is mainly manifested at the make and break, the tonic condition 
of the muscles producing the orientations of the intact animal must be 
due to the galvanisation of the nerve-cells of the ganglionic chain. - 
Breuer‘ has lately arrived at a similar conclusion in regard to fish. _ 

The question now might be raised: is the stimulation which 
undoubtedly occurs in the central nervous system, mainly of the nerve- 
fibres or of the nerve-cells? The answer is that undoubtedly both are 


1 Ergeb, d. Physiol, 1. p. 195. 1902. 

Sitzungsb. Wiener Akad. cxtv. p. 45. 1905. 
3 Electrophysiologie, p. 601. 1895. 

Siteungsb. d, Wiener Akad. oxtv. p. 47. 1905. 
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stimulated: the nerve-fibres which pass in a general antero-posterior 
direction must be stimulated by the movement of ions and Colloids just 
as we have shown the peripheral nerves to be stimulated. The nerve- 
cells are also unquestionably stimulated, though probably not in the 
peculiar manner explained by Loeb and Maxwell. They had 
assumed that when the current is passed through the animal in one 
direction the cell-bodies of the neurones supplying one set of muscles 
are in katelectrotonus, while those of their antagonists are in anelectro- 
tonus. They also supposed that one set of nerve-elements represent 
a crossed relationship to the muscles which they supply. It is true 
that anatomically certain neurones are seen, the axones of which cross 
each other in the middle line’, but the ultimate distribution of these is 
notoriously uncertain. As far as the assumption of kat- and anelectro- 
tonus is concerned it is a pure hypothesis, regarding which Biedermann 
expresses himself as rather sceptical’. Indeed Loeb’, himself, in 
a subsequent communication on galvanotropism, finds that the behaviour 
of the skin-glands of Amblystoma, when this animal is exposed to a 
constant current, can only be interpreted by supposing the central 
- nervous system to act as a uniform whole. He attempts to justify his 
theory in regard to crustaceans by stating that the nervous system in 
different groups of animals may behave differently, an assumption 
which Biedermann considers would not meet —_ very general 
agreement‘. 

Briefly then the orientations which are observed can be explained as 
follows: when the animal is subjected to the influence of the current 
in one direction the central nervous system is stimulated and sends out 
impulses of such a strength that a certain group of muscles, possessing 
adequate irritabilities, is caused to contract, their antagonists being all 
inhibited; when the current is reversed the conditions are precisely the 
opposite. This stimulation occurring in the central nervous system is 
partly of the nerve-cells and partly of the nerve-fibres. Combining 
with this principle the action of the current on the peripheral nerves 
the orientations are readily explained. It is also clear from the above 
that the central nervous system of the crayfish is acted upon as a 
uniform whole and thus proves no exception to the general rule 


1 Retzius. Biol. Untersuch. 1. p. 1. 1890. Also Allen, Quart. Journ. Mi. Science, 
p. 461. 1894, 

* Ergeb. d. Physiol. 1. p. 192. 1902. 
3 Pfliiger’s Arch. uxv. p. 808. 1897. 
* Ergeb. d. Physiol. 1. p. 194. 1902. 
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established for other forms, I shall refer subsequently to the ‘peal 
bearing, if any, of these orientations on galvanotropism. 

As mentioned above Hermann! and Blasius and Schweizer* 
noticed that animals in the antidromic position were quiet, those in the 
homodromic were excited. They found this to apply in the fish, 
amphibian and crayfish. This is supported by the work of numerous 
writers; Blasius and Schweizer’, working with the hind portions of 
frogs, obtained excitation in the ascending, and depression in- the 
descending, current. The convulsions of strychninized frogs were 
inhibited by descending, and augmented by ascending, currents‘. 
Uspensky® has shown that this is due to a specific action on the 
central nervous system: by means of needles he passed currents into 
the spinal cord: ascending currents, under these conditions, caused 
acceleration of the respirations, while descending currents led to their 
cessation. Legros and Onimus also arrived at similar results‘. 
Biedermann’, likewise, admits the truth of this general proposition. 

Loeb and Maxwell have stated that by using currents of moderate 
strength the effects of excitation and depression are not observed. 
That they really do obtain, however, in the crayfish, as in the other 
_ forms studied, can be shown as follows. The animal is tied upon its 
back so that the appendages may be more readily observed. During 
the passage of a descending current the appendages are at rest, while 
during the passage of an ascending current they are in a condition of 
marked activity. It is true that when very strong currents are turned 


on in either direction one notices only orientations, but these do not. . 


appear with moderate currents which give rise to excitation and 
depression. Other important facts make it still more certain that this 
law applies in the crayfish. In the course of this work I have found 
that when any part of the ventral ganglionic chain is stimulated, as by 
the interrupted faradic current, the anal sphincter carries out 


rhythmical contractions. In a subsequent communication I shall . 


report more fully on this phenomenon, which seems to afford an 
_ interesting analogy with the heart of Limulus, as described by Carlson’. 


1 loc. cit. 2 loc, cit. 

loc. cit. p. 528, 4 loc. cit. 629.. 

5 Centralb. f. d. med. Wissensch. vit. p. 577. 1869. Cited by Blasius and Schweizer. 
* Traité @électricité médicale, Paris, 1887. ‘Le courant ascendant excite la moelle et 


augmente les actions réflexes, tandisque le courant descendant empéche les actions réflexes 


et diminue l’excitabilité de la moelle.” Cited by er and Schweizer. 
1 Ergeb. d. Physiol. 1. p. 189, 1902. : 
§ Amer, Journ. Physiol. x11. p. 67. 1904. 
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If then the anal sphincter is active we have an indication that impulses 
are being sent out by the ventral chain of ganglia, that is to say, the 
ganglia are in a condition of increased irritability. One finds now that 
when a constant current in the ascending direction is passed through 
the animal the sphincter becomes active, while when a descending 
current is passed it is unaffected: this can only mean that in an 
ascending current the ganglia are in a condition of increased irritability, 
or the ascending current is stimulating, It is also clear that it is the 
anodic region itself whose irritability is increased. Blasius and 
Schweizer were of opinion that the anodic region was depressed in 
irritability while the kathodic region had its irritability increased. We 
see from the last-mentioned results, however, that exactly the opposite 
is the case, while it is at the same time clear that the ordinary results 
of electrotonus do not apply to the central nervous system. | 

That the action of the current in the above instances is a direct one 
on the central nervous system can be readily shown as follows. If one 
sections the cord between the thorax and the abdomen, thus leaving 
the abdominal ganglia intact, the sphincter first performs a series of 
rhythmical contractions owing to the stimulus of the cut. After the 
sphincter has come to rest one again finds that when the anode is 
towards the tail rhythmical activity is elicited, but not when the 
kathode is towards the tail. If the abdominal ganglia are now 
successively removed until only the sixth or last is left the typical 
action of the current is still manifested, ¢.g. activity when the anode is 
behind and rest when the kathode is behind. When, however, the last 
ganglion is removed all activity in response to the constant current is at 
once lost. Identical phenomena can be elicited by the application to 
the cord of platinum electrodes, through which a current is passed : 
even when the last ganglion is alone intact and the anode is placed 
behind it with the kathode in front rhythmical contractions are carried 
out by the sphincter. Ascending currents thus stimulate the central 
nervous system and descending depress it, and this law is seen to apply 
even in the case of but a single ganglion. Strange to say this infer- 
esting principle has attracted but little attention, although it appears to 
me to be of great significance. Since it is entirely distinct from the 
principles of electrotonus it is probably associated with the presence of 
nerve-cells within the central nervous system and also with the antero- 
. posterior differentiation of the latter. The above results manifest not 
only a deviation from electrotonus but also from Pfltiger’s law. There 
are, however, other instances in which the anode and not the kathode 
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appears to be the malin electrode. Thus Loeb’ found that in 
Amblystoma the skin-glands on the anodic side became active owing to 
stimulation of the central nervous system, Breuer* has obtained 
lateral flexion in the fish on the side towardstheanode./ Ihavestudied | 
the flexions of the tail of the crayfish at the make and break of the : 
current and have found the anodi¢ closing contraction to be the 2 
strongest of all. The kathodic opening contraction, though weaker 
than this, is stronger than the kathodic closing contraction. Breuer* — 
has obtained analogous results in fish. The explanation of these facts — 
and their bearing on Pfitiger’s law is not at all clear and further 
investigation appears most desirable. 

In an attempt to analyse the galvanotropic behaviour of the crayfish 
it appeared desirable to determine the influence of the brain in this 
regard. Hermann‘ and Nagel* had experimented with decapitated 
animals, but the injury by this procedure is so great that the results 
cannot be considered trustworthy. . In the writer's work the cesophageal 
commissures were cut after the manner described by Bethe‘, the dorsal 
route being selected by preference. Only large specimens were chosen 
as they are both easier to manipulate and resist shock much better than — 
smaller ones. The animal is secured on its ventral surface to a board ; 
one removes the carapace behind the rostrum, then goes down, cutting 
the anterior gastric muscles; the commissures which lie deeply are 
snipped with a pair of fine scissors. The opening is then carefully 
sealed by means of a mixture of beeswax and tallow, 

After some hours the animal has recovered from the shock and then 
- behaves in the manner described by Bethe’. There is the typical 
absence of spontaneous movements, the animal only going forwards 
when stimulated and then for but a short distance, with, however, the 
usual coordination of the legs. When not moving forwards the legs 
and pleopods perform pendulous movements. As is well known the 
forward movements of such animals depend on the integrity of the # 
suboesophageal ganglion, which acts as a coordinating centre for the é 
movements of progression. Under no circumstances whatever does the . 
animal ever go backwards, No explanation of this latter peculiarity is 

— by Bethe; it may be, — that the absence of backward 


: Pfiger's Arch. uxv. p. 808, 1897. 
Sitzungsb, d. Wiener Akad. p- 30. 1905. 
Thid. p. 40. loc. cit, 
5 Pfliiger’s Arch. 1. p. 624. 1892, Ibid, uxvim. p. 459. 1897. 
7 loc. cit, p. 460, 4 
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locomotion is due to the longitudinal giant-fibres, which run through | 
the entire cord, having been sectioned. 

How does such an animal behave under the influence of a constant 
current? In the first place as might be expected it never darts 
backward to the anode. But one kind of movement now obtains and 
that one forwards to the anode; it never goes to the kathode. The 
animal may advance to the anode immediately on closure of the current, 
at other times it appears to be in a condition of what Blasius and 
Schweizer have called galvanonarcosis, that is to say, it does not move 
forwards until the current is broken. This is particularly the case 
when one commences with a very weak current and gradually increases 
it. We have here probably to do with the paralysing influence of a 
descending current. There is thus the definite attraction to the anode 
just as occurs in the intact animal. It should be observed, however, 
that while the normal animal is somewhat capricious in its behaviour, 
occasionally going to the kathode, as mentioned above, this is never 
noticed after the commissures are cut. The behaviour of the appendages 
does not differ in any essential respect from that in the intact animal. 
When the anode is towards the head the legs and pleopods are 
inactive, while when the anode is towards the tail there is great 
excitement manifested by all the appendages as well as by the anus. 
Again we see the untenability of the position of Blasius and Schweizer, 
for the brain, which plays so important a part in their theory, is clearly, 
unnecessary for the production of the typical reactions. One more point 
deserves mention and that is the behaviour of the antenng and antennules 
in such an animal: these invariably point towards the anode, eg. if the 
anode is in front they point forwards, while if it is behind the antennules 
are bent underneath the thorax and the antenne bent around to the 
sides: These reactions are also shown by the normal animal but to a 
minor degree; it is highly probable that they are inhibited in the 
intact animal by impulses which pass from behind forwards. It thus 
appears that the galvanotropic responses of the crayfish are intimately 
incorporated in its make-up and are a most fondamental ’ "property of 
the creature. 

It is clear that the fundamental causative factor of galvanotropism 
is to be found in the peculiarities of the stimulus. Loeb and Budgett' 
had given an explanation from this standpoint but Statkewitsch* has 
lately thrown doubt upon its validity. I have tested the very plausible 


1 loc. cit, * Verworn’s Ztechr, f. d. allgem. Physiol. v. p. 529, 1905, 
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theory of Coehn and Barratt, mentioned in the introduction, and find 
that with minor modifications it applies to the crayfish. Their theory 
was proposed for Paramecium which, as is well known, manifests a 
kathodic galvanotropism. Stated briefly their explanation is as follows . 

the membrane of the animal is supposed to be slightly more permeable 
for Cl than for Na ions. If, now, the animal is brought into a medium 


like tap-water the concentration of which is less than that of itself a 


slight diffusion of Cl ions will necessarily occur. The result will be 
that the animal will contain an excess of Na ions, or will bear a positive 
charge of electricity. On now subjecting the animal to a galvanic 
current it is definitely attracted to the kathode, and the cilia 
responding to the pull, it moves in this direction, A crucial 


test of the hypothesis consists in increasing the concentration of the 


medium in which the animals are observed. In this case the Cl ions 
- outside should pass in, giving the animal a negative charge and it 
should hence move to the anode, Indeed this is found actually to 


occur: when Paramecia are placed in N/10 NaCl solution, within the — 


- course of two or three minutes, during which time diffusion is taking 
place, the galvanotropic response is seen to be reversed and they move 
to the anode. The position of Coehn and Barratt has been te 
criticised, but, in my opinion, not weakened by Bancroft’. 

In applying the theory of Coehn and Barratt to the crayfish certain 
peculiarities in the behaviour of the latter are to be taken into 
consideration. As already. stated this form moves not to the kathode 
_ but to the anode; its reaction is just the reverse of that of Paramecium. 
In order to explain this anodic galvanotropism one must suppose the 
animal to carry a negative charge of electricity, e.g. that its membranes 
are more permeable for Na than for Cl ions; the Na ions thus migrate 
out, leaving an excess of Cl ions. In order to produce reversal it will 
be necessary to place the animal in a salt solution, the osmotic pressure 
of which is greater than that of this same salt within the animal. The 
osmotic pressure of the crayfish has been determined by Frédericq? to 
equal that of a 1°3°/, NaCl solution, corresponding to a depression of 
the freezing point of 08°C. This concentration represents, of course, 
that of all the salts contained in the animal. It was found possible to 
bring about reversal in the crayfish by strengths varying from N/5 to 
N/2 NaCl. N/2 NaCl equals 292°/, NaCl and is thus considerably 
higher than the total concentration of the tissues of the animal, while 


Univ, of Cal, Pub. Physiol. m1. p, 21. 1906. 
* Bull, de VAcad, Roy. de Belg, xxxv. p. 831. 1898, 
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N/5 NaCl, which equals 1-17 °/, NaCl, is somewhat less than this: this 
concentration of Na is, however, certainly higher than that of the Na 
contained in the tissues. The necessary conditions for obtaining the 


reversal are therefore fulfilled. Selected protocols are given below. 


The procedure in making these experiments on reversal was as 
follows. Only freshly-collected, healthy animals were made use of, as it 
was found ‘that those which were kept long in the laboratory became 
less sensitive and showed more irregularities than normal ones. The 


animals were first tested in tap-water to see whether their responses 


were normal, They were then placed each in a separate jar of N/5— 
NaCl and at once tested in this solution. Under these conditions they 
are still anodic. A control animal was kept in tap-water in every case 
and this was tested in N/5 NaCl at the same time as the other 
specimens. The reason for testing the control in the same solution as 
the other animals is obvious, as the conductivity and consequent 
stimulating action of the medium are thus the same. I may say that 
I have carried out many more experiments than those here reported | 
and am convinced that a reversal can almost invariably be obtained. 
Very rarely I have failed, and in these cases the failure was due to the 
poor condition of the animals used. I believe that in fresh, healthy 
specimens the reversal will occur in every instance. Different strengths 
of current were used as measured by the galvanometer. 

_ From the above results it is clear that the law established by 
Coehn and Barratt in the case of Paramecium holds also in the 
crayfish. We notice, however, certain differences between the two 
forms. For the reversal to be brought about several hours, instead of 
minutes, are required. One may attribute this slowness to the greater 
impermeability of the membranes of the crayfish. It is not possible to 
state with ¢ertainty through which membranes the migration of ions 
takes place ; but it is not improbable that part of the exchange occurs 
through the gills. One can see in this way how the process would be 
necessarily a slow one. Frédericq’ also is of this opinion. 

The positions of the limbs and abdomen constituting the orientations 
are found to be unaltered after the reversal. These are therefore not 
the cause of the reaction, but merely represent a parallel series of 
phenomena, depending as pointed out above partly on stimulation of 
the central nervous system and partly also on stimulation of the 
peripheral nerves. Moreover the relative irritabilities of the muscles, — 
on which these depend, are found to be unchanged. It must also be 
affirmed that while the action of the constant current on the central 
nervous system, in producing stimulation in the ascending, and depres- 
sion in the descending, direction as observed first by Hermann, is 

1 Bull. de P-Acad. Roy. de Belg. xxxv. p. 68, 1901. 
PH, XXXV. 15 


KAS 
2 
4 
ia 
+ 
| 
| 
a 
on 
= 
> 
4 
4 
be 


‘ 
| N 
sé “ “ 66 0 08°6 90. ‘SI “Sny 
ae sé 46 T 0 L 
“ be T 0 urd 
0 "urd N° 
8F-99—8F-16 o 6 90, ‘es Sine 


% 
Ye 
« 
4 5 
» 
4 
+w 
Bi 
a 
a 
Ye 
+ 


GALVANOTROPISM IN CRAYFISH. 


sufficient to lead mechanically to directive orientations there is in these 
nothing per se to induce a definite galvanotropic attraction. That such 
exists, however, cannot be doubted by anyone who has watched the 
crayfish under the influence of the constant current; no matter what 
its attitude at the moment of closure, it is eae to the anode, as it 
were, by an invisible force. 

The attraction of the animal thus depends upon the carrying of an 
electrical charge and this in turn is associated with a peculiarity on the 
part of its membranes. It is highly probable that in -those forms 
which do not exhibit any attraction one way or the other the membranes 
are impermeable. As is well known the teleosts are not attracted to 
either the anode or the kathode, and here we might assume the 
membranes to be impermeable. Other facts lend probability to such 
a view. By cryoscopic determination Bottazzi' has found the concen- 
tration of the blood of marine teleosts to be one-half that of sea-water. 
Garrey* has found that their osmotic pressure cannot be altered by 
placing them in more dilute or more concentrated media, unless the 
membranes are previously injured. He therefore concludes that their 
integument and gills are impermeable. Here then we have the 
explanation of the absence of galvanotropic attraction among these 
forms. 

SUMMARY. 


mee The orientations of the crayfish, when under the influence of the 
constant current, are produced by the combined effect of stimulation of 
the central nervous system and of the peripheral nerves. The impulses 
sent out are of such a strength that one group of muscles is caused to 
contract, while the antagonistic group is at the same time inhibited. 

2. The ascending current leads to stimulation of the central 


nervous system, while the descending current causes depression of its 


irritability. 
8. The movement of the animal forwards, but not backwards, to 
‘the anode is preserved after section of the esophageal commissures. _ 

4. The theory of Coehn and Barratt that the attraction of 
Paramecia depends on their carrying electrical charges applies with 
modifications in the case of the crayfish. 3 

5. It is probable that the impermeability of the membranes of 
such forms as teleosts paeerniines the absence of any galvanotropic 
‘attraction among them. 

Professor A, B. Macallum. 


I must express my indebtedness to Professor J. C. McLennan for the kind loan of 
D’Arsonval 


1 Bottazzi. Arch. Ital. de Biol. xxviu. 61. 1897. 
2 Biol, Bull. of Mar. Biol. Lab, Woods Holl. vi. p. 266. Wr as 
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A NOTE ON THE ADRENAL GLAND IN THE RAT. 
By CHALMERS WATSON. 


(From the Physiological Laboratory of Edinburgh University.) 


In the course of an experimental investigation into the effects of 
varying diets on the structure and function of the tissues in tame rats, 
my attention has incidentally been directed to the various glands in wild 
rats. On post-mortem examination of wild rats it was found that the 
adrenal glands in these animals were considerably larger than in tame 
rats of similar weights. The explanation which suggests itself as the 
most likely one has reference to the greater muscular activity in wild 
rats, and an investigation is now in progress to test the correctness of 
this view. As the data so far obtained are of interest and suggest a 
somewhat new line of enquiry as to the influence of different environ- 
mental conditions on the structure and functions of organs I think it well 
to recurd the facts given in the following tables. The adrenal glands 
were in every instance weighed out of a 5 °/, solution of sadness the 
excess of fluid being previously removed’. 

_ Table I. gives the percentage weight of the adrenal tissue in 
27 young tame rats, none of the animals being fully grown. Of these 
18 were under 100 grammes and 9 weighed from 100 to 150 grammes. 
Table II. gives the percentage weight in 19 fully grown tame rats. 
The average percentage weight is as follows: 


For the young animals under 100 grms in weight 035 
fall grown adult 
To turn to the wild rats we find the facts recorded in Tables ILI. 
and IV. 
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TABLE I. . | TABLE III. 
- Showing tage weight of adrenal Showing weight of adrenal glands in 
ee in young rats (tame). young rate (wild). 
i Weight of Weight of Ww eigh 
62 grms, grm. “042 grm. 60 grms. 037 061 
57 -020 084 040° 
60 020 “033 72 044 061 
60 “024 ‘040 72 044 “061 
60 026 043 75 050 066 
65 028 043 ‘041 058 
69 “080. 048 , 80 ‘074 092 
J 023 081 83 "102 
73 028 85 069 082 
77 038 86 059 067 
717 “024 082 92 058 0638 
77 024 95 052 054 
80 035 96 048 -050 
84 +030 035 98 058 059 
= poe 100 -060 060 
95 030 
102 -068 066 
Average 106 061 
110 054 049 
i 110 082 029 130 “116 089 
115 028 130 “160 122 
120 “020 140 +180 
| Average 077 
150 “042 -028 
150 040 026 
150 030 020 
150 028 018 
Average 023 
TABLE Ii. TABLE IV. 
Showing weight of adrenal glands in Showing weight of adrenal glands in 
fully grown tame rats. fally grown rats, 
of Weight of 
= Weight of Percentage —, eight Percentage 
110 grms. 028 026 grm. 150 grms. 085 grm. 056 grm. 
115 035 030 190 "125 065 
120 035 029 190 055 
145 026 018 200 “061 
040 025 207 093 
165 019 220 093 
170 024 014 2387 049 
182 “084 018 240 "185 056 
185 040 021 242 066 
195 040 020 260 “165 063 
210 035 014 260 084 
235 016 260 “114 043 
240 033 013 270 134 049 
255 069 027 805 
265 040 ‘015 340 ‘170 050 
285 065 022 342 037 
300 054 018 870 128 084 
810 050 016 Average 052 
310 058 018 
Average ‘019 
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In 15 wild rats under 100 grammes in weight the average per- 
centage weight of the adrenal tissue was ‘066 grm. as opposed to 
‘035 grm. in the tame animals; in 7 young animals not fully grown, 
between 100 and 150 grms, in weight, the average was ‘077 grm. as 
opposed to 023 grm. in the corresponding series of tame rats; in. 
17 wild rats that were assumed to be fully grown, the average percentage 
- weight of the glands-was 52 grm. as opposed to saa in the case’ 
of the fully grown tame subjects. 

The two noteworthy facts to which attention is dcaied are : 

(1) The greater amount of adrenal tissue in wild rats in 
with tame rats of equal weight. 

(2) In wild rats there is not the same disproportion in the amount _ 
of adrenal tissue in the ig and adult subject as obtains in the 
tame rat. 
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‘SIR MICHAEL FOSTER. IN MEMORIAM. 


Since. the last number of this Journal was published, its Founder, 


Sir Michael Foster, has passed away; and it is but fitting that these 


pages which are the fruit of his enterprise should contain an account of 
his life and work. 

_ Michael Foster was born in Huntingdon on March 8, 1836. He 
was the eldest son of Michael Foster, F.R.CS., a surgeon practising 
in that town—a man of marked character and held in much esteem. 
He was brought up in an atmosphere of fervent nonconformity in 
religion, and of strong radical leanings in politics. His early education 
was carried on at Huntingdon Grammar School, and later (1849 to 1852) 
at, University College School in London. From the first, Foster showed 
considerable aptitude for study, doing well in the usual routine of school 
work, and before he left University College he became eaptain of the 
cricket team. Cricket was the only game to which afterwards he had ~ 
the least inclination. At Cambridge he arranged an annual cricket 
match to which in the beginning of things he invited all those working 
in his laboratory, and for some years the match was a high laboratory 
festival. 

At the early age of 16, Foster matriculated at the University 
of London, entering in the same year at University College. He 
distinguished himself in most of the subjects of the Arts curriculum, 


and in 1854, in the London University Honours Examination for the 


degree of Bachelor of Arts, he took first place in Classics and was 
awarded the Classical Scholarship. Having taken his degree he was 
face to face with the necessity of choosing a profession. Hitherto 
his training had been entirely on the Arts side, but in view of the 
opening in life afforded by his father’s practice, he chose medicine. 
So in 1854 he began attendance on the -preliminary scientific and 


medical lectures of University College and at once or almost at once 


entered on clinical work at the hospital. His versatility was shown by 
his carrying off the Gold Medal for Anatomy and Physiology, and that 
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for Chemistry. In 1858 he took the M.B. degree of the University of 
London, and in the following year the degree of M.D. 

The next two years were partly spent in further medical study—for 
which purpose he spent some time in Paris both in 1859 and in 1860— 
and partly in original investigation. 

In 1859 he communicated a paper to the British Association for the 
Advancement of Science at its meeting in Aberdeen; a brief account 
of which is given in the Report for the year. He found that in 
the heart of the snail the force of each beat is directly proportional 
to the distension of the cavities during the preceding systole; and 
that any part of the heart separated from the rest will beat rhythmically. 
He concluded that “the beat cannot be the result of any localised 
mechanism, but is probably the peculiar property of the general cardiac 
tissue.” This work was the ae of some important observa- 
tions of later date. 

“In the following year he made some observations on the effect of 
freezing on the physiological properties of muscle, the results of which 
were published in the ‘ Proceedings of the Royal Society.’ Extending 
the results obtained by Schiff, he found that if frog’s muscle was frozen 
throughout, for not more than 5 to 10 minutes, it might regain its 
irritability on being thawed. The irritability did not return immediately, 
but after a short interval, and then it gradually increased. In the 
early stage of recovery a slight shock might kill it. When a muscle 
did not récover its irritability, it shortened on being thawed, so that 
the rigor thus produced differed from rigor mortis. The frog’s heart, 
when frozen, did not recover its irritability, but a part of the ventricle 
might be frozen without stopping the beat of the rest. Observations 
were also made on the effect of freezing upon the nerves of frogs, and 
upon leeches and snails. 

About this time Foster showed indications of shinobi disease, 
and adopted the usual remedy of the time—a sea voyage. The steam- 
ship Union was about to proceed to the Red Sea to build a lighthouse 
on the Asaruji rock opposite Mt Sinai. He obtained the post of 
Surgeon, and on the voyage viumeens the time by making observations 
on the marine Fauna. : 

In 1861 he returned to Hantingdon, and joined his father in practice. 
Two years later, he married Miss Georgiana Edmunds, His married 
life was brief, his wife dying in 1869 leaving a son—Dr M. G. Foster 
of San Remo—and a daughter.’ Whilst occupied with the varied cases 
that come to a medical practitioner in a country town, he kept in touch 
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with Physiology. He wrote an account, still well worth reading, on 
the theories of the coagulation of the blood. In considering the 
similarities between the broad conclusions to be drawn from Schmidt’s 
work, and some earlier conclusions, he points out—what is often. in 
danger of being forgotten in comparing late work with earlier—that the 
statement of a theory at different dates may be similar, but the degree 
of understanding it, very different. As he puts it, “The mind of man 
moves not in circles but in spirals. Our faces may be again looking 
towards the same point of the compass, but we are on a higher level, 
and with a wider horizon.” 
_ Foster also published a short paper on the glycogen in the round 
worm (Ascaris lwmbricoides) occurring in the intestine of the pig. 
This parasite, he found, contained a large quantity of glycogen, 
especially in its muscular walls. Since the glycogen can in this 
ease hardly be required to keep up the temperature of the parasite, 
he suggests that it may perhaps be utilized by the muscle itself, 
or more probably stored up in the muscle for future use by the re- 
productive organs. “May not ‘migration’ which plays so important 
@ part in vegetable physiology, occur in the animal economy in reference 
to other-substances than fat ?” | 

In 1867 Foster abandoned medical practice and went back. to 
University College, London, where he was appointed Teacher of Practical 
Physiology and also performed the duties of Curator of the Museum of 
Pathology. Not long after, when Dr George Harley, who held the 
Professorship of Practical Physiology and the Lectureship of Medical 
Jurisprudence was unable to discharge his duties on account of illness, 
they were performed by Foster, and in 1869, Foster was elected to the 
Professorship. In the same.year he was appointed Fullerian Professor 
of Physiology at the Royal Institution. 

Foster’s genial nature and attractive personality laid the foundation 
of many lasting friendships both amongst those younger and those older 


than himself. 


With the younger men he showed the instinctive judgment of 
ability, and the power of inspiring to effort, which were recognised 
later as among his striking characteristics. He helped to persuade 


-Schafer—now Professor of Physiology in Edinburgh—to adopt a 


scientific career instead of a medical one. On his migration to 
Cambridge, he induced Newall Martin to accompany him as Demon- 
strator. Martin, shortly after taking a degree at Cambridge became 
Professor of Physiology in Johns Hopkins University, and carrying 
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on the aims of Huxley and of Foster, exercised a wide-spread 
influence on the teaching and the development of research in America. 

Of the older men with whom Foster made friends, two demand 
especial mention, namely Sharpey and Huxley. 

William Sharpey was Professor of Physiology at University 
College. When Foster was a medical student, he'was Sharpey’s 
favourite pupil. It was in connection with Sharpey’s lectures that 
Foster gave his practical course on his appointment as Teacher. 
A little later, in the summer of 1870, Sharpey and Foster visited 
together several German Universities, inspecting the physiological 
laboratories and inquiring into the methods of instruction adopted 
in them. Sharpey’ s influence was undoubtedly important in directing 
Foster's energies towards physiological science. 

Foster’s acquaintance with Huxley, once made, rapidly ripened into 
close friendship. He succeeded Huxley as Fullerian Professor at the 
Royal Institution, and afterwards as Secretary of the Royal Society. 
When Huxley in 1870 gave his first practical biological course—held 
in the old patent Museum at South Kensington—Foster was one of his 
Demonstrators; Ray Lankester and Rutherford being the two others; 
and it is said that it was chiefly on Huxley’s recommendation that 
Foster in the same year was elected Pralector of Physiology at Trinity — 
College, Cambridge. The two were associated for many years in the 
South Kensington Science and Art Examinations. They frequently 
worked together on Committees and it was seldom if ever. that they 
differed on any matter of consequence. Foster revised the physiological 
and histological parts of several editions of Huxley’s ‘Elements of 
Physiology.’ After Huxley’s death the work of editing his scientific 
papers was placed in the hands of Foster and Ray Lankester. 
Foster in his obituary notice of Huxley for the Royal Society, said 
of him that his guiding principle in life “ was the deep conviction that 
science was not meant for men of science alone, but for all the world ; 
and that, not in respect to its material benefits only, but also, and 
even more, for its intellectual good.” The same principle was enforced 
by Foster in the last public speech 46 made, on the day before he 
died. It was congenial to his nature, but was strengthened by his 
communion with Huxley. 

While in London, Foster published four short papers. The first 
was on amylolytic ferments. He showed that the addition of either 
acid or alkali stops the action of ptyalin and finally destroys it. He 
showed that neutral salts have not this effect. He discussed the ques- 
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tions of the nature of the ferment, of its destruction during fermentative 
activity, and of its distribution in the body, with some reference to 

diabetes. The second paper was on the ciliated and goblet cells of the 
frog’s wsophagus. He contested the view that there are any intermediate 

stages between the two. He described ‘spherules’ in the mucous cells 
—now spoken of as mucous granules—he considered them however to 
be proteid in nature. He thought that the protoplasm of the cells 
became gradually converted into mucin ‘spherules, and that the cell 
finally was shed into the surface of the mucous membrane. 

In the third paper he made the important observation that stimula- 
tion of the separated apex of the ventricle of the frog’s heart with 
repeated weak faradic shocks causes it to beat in regular rhythm. The 
fourth paper was but a short note describing the method of imbedding 

: tissues in paraffin which he bad found useful in making sections. 
4 In 1870, Fuster was thirty-four years of age, and though from early 
: manhood he had kept the pursuit of science steadily in view, he had 
been in a large degree the shuttlecock of circumstance. But at this 
4 time he obtained an appointment which gave free play both to his 
! natural qualities. and his varied experience. The University of 
3 Cambridge with its scientific traditions was becoming aware of the 
; gradual rise of branches of science in which it took little or no part, and 
it was ripe to bear the impress of any exceptional personality. The first 
step came not from the University itself but from Trinity College. The 
College founded a Prelectorship in Physiology and elected Michael 
Foster Prelector. No election could have had more fortunate results 
for the University. 
: The University gave to the Trinity Prelector a room, now part of 
i the Philosophical Library, for use both as a lecture room and as a 
| laboratory. Trinity College supplied the simple furniture, some tables, 
—three of which put together at the top of the room served to mark 
-off a space which served for the Lecturer’s platform—some bottles and 
_ reagents, a few microscopes and so on. It is hardly an exaggeration to 
say that from this room there arose by successive extensions nearly all 
the laboratories now devoted in Cambridge to Biological studies. 

The primary idea of Foster’s teaching was that scientific instruc- 
tion should be based upon firsthand knowledge, and that a student must 
see and do things for himself in order to gain a real and lasting hold on 
any scientific-subject. Foster did not underrate the value of reading, 
but he insisted that descriptions of facts and discussion of theories could — 
be only imperfectly comprehended apart from laboratory work. 
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In carrying out his scheme of teaching, Foster had two separate 
though overlapping interests—the encouragement of research and 
the scientific training of medical students. Of the former I shall say 
something presently. With regard to the latter he recognised that in a 
town of the size of Cambridge, with its necessarily limited clinical 
teaching, a flourishing medical school could only exist on the basis of 
exceptional training in those scientific subjects on which medicine rests. 
And he set himself to extend this training not only in his own but 
also in other subjects. Further it was necessary that the examinations 
should be in harmony with the teaching. At that time Physiology was 
an insignificant adjunct of Zoology in the Honours Examination for the © 
B.A. Degree, and it held a similar place with regard to Anatomy in the 
medical examination. Foster’s clearness of aim and charm of manner 
gained him instant support. Professor Humphry and Professor 
Paget, whose reputations already attracted medical students to 
Cambridge, became his allies. And in general matters he received 
powerful support from Henry Sidgwick, Coutts Trotter, Alfred 
Newton and many others. In no long time there was a notable 
increase both in the numbers and the reputation of the Cambridge ; 
Medical School. 

Foster in his other chief interest had still greater and more 
immediate success. The majority of the small band who attended his 
lectures during the first three years adopted a scientific career. Of 
these Gaskell, Balfour, Dew-Smith, Sheridan Lea and myself 
would probably not have followed science but for Foster’s. influence. | 
His influence was not exerted by way of exhortation. The desire to 
undertake research was imbibed from him in lecture and in familiar 
talk. It was the air we breathed. He was of the widest catholicity as 
to the kind of research to follow. Of his other pupils at this time, 
Liversidge became Professor of Chemistry, and Milnes, Marshall, 
Professor of Zoology. His numerous pupils in-later days were always 
assured of his sympathetic attention. As Professor Sherrington has 
said, “ He took a genuine interest in younger men and their work, and 
he rejoiced in their scientific achievements often with an almost 
paternal delight.” 

Foster when he first came to Cambridge lectured on Embryology 
and on Elementary Biology as well as on Physiology. In a year or two 
he handed over Embryology to his pupil Balfour, who afterwards became 
Professor of Animal Morphology. In 1882 Mr Vines, now Professor of 
Botany at Oxford, and Mr Sedgwick, now Reader in Animal — 
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Morphology at Cambridge, both of whom had been his pupils, relieved 
him of the Elementary Biology, and from this time Foster lectured on 
Physiology only. | 
From 1870 to 1877 Foster continued his own research work. He 
investigated the physiological action of some derivatives of morphia, he 
found that their action did not differ in any important point from that — 
of morphia itself. He experimented further on the heart of the snail 
and found that a weak current passed directly through the heart 
caused it to stop in diastole. As he did not find cardiac inhibitory 
nerves either in the snail or in Anodon, he attributed the effect to 
a direct action on the contractile tissue. He investigated also the effect 


_ of a rise of temperature on reflex action in the frog. Following up 


Goltz’ observation that a brainless frog when placed in gradually 
warmed water becomes rigid at about 40°C. without reflex movements, 
he noticed that if a small part of the frog only was dipped in the water, 
a reflex movement occurred at about 30°C., and he showed that the 
absence of reflex in the first case was due to warming the blood and 
consequently to lowering the irritability of the central nervous system. 
Experimenting with antiar poison he found that as the ventricle 
became more contracted, the inhibitory effect of the vagus on the heart 
decreased and the augmentor effect increased, and that for a short time 
after the heart had stopped, it could be set beating again by vagus 
stimulation. 

In conjunction with his pupil Dew-Smith, he followed up the work 
already mentioned on the effect of electric currents on the heart. Two 
papers were published. In the first, on the heart of molluscs, it was 
shown that a constant current sent through a snail’s heart has a tendency 
to cause a series of beats at the kuthode, and to inhibit beats at the 
anode. A reversal of the effects occurred when the current ceased. 
The total effect with weak currents was unfavourable to the beat, so 


that weak induction shocks caused inhibition. In the second paper, 
the effect of the constant current on the lower } of the ventricle of the 


frog is chiefly dealt with, and similar phenomena to those found 
in the snail’s heart are described. Both of these papers contain 
many interesting facts. The bearing of the facts on the theory 
of the heart-beat is discussed at some length. The main conclusions 
are half-way between the neurogenic theory and the myogenic theory. 
“The well known, easily recognised, ganglia of the heart play a 
subordinate part in the production of the heart's spontaneous rhythmic 
pulsations. ‘he real origin of these is to be sought for in the 
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phenomena of muscular tissue, unless some new form of nervous tissue 
which has hitherto escaped detection be discovered.” It is perhaps 
not easy to form a clear conception of the ‘subordinate part’ left to the 
ganglia, though it is easy to follow the line of argument which led 
Foster to allow some-nervous action. The heart of the snail, and each 
division of the heart of the frog he considered to act as a whole. The 
beat of the ventricle, for example, began not in consequence of changes 
in a particular portion of the ventricle, but in consequence of changes 
occurring in all its fibres. Thus each muscle cell was in physiological — 
connection with all the rest and had an. obscure ‘sense’ of the condition 
of the rest. Since he considered that the different parts of the frog’s 
heart were not in muscular connection, and yet beat in sequence; and that 
the ordinary sequence might be reversed, there must be some connection 
between the parts. This connection was made by the nerves; so that 
each part of the heart was affected by all the other parts, in much 
the same way that in any one part each muscle fibre was affected by all 
the other fibres. Thus the nerve cells did not send out impulses 
causing a contraction, nor did the nerves convey motor impulses from 
one part to another; the nervous structures simply served to keep each 
part constantly inhemel as to the state of the rest. 

In this same period Foster was busy in putting into shape for 
publication the substance of his lectures, and his courses of practical work, 
He wrote the section on the ‘Function of Muscle and Nerve’ in the 
Handbook of the Physiological Laboratory issued in 1873 under the 
editorship of Burdon Sanderson. In 1874 ‘The Elements of 
Embryology’ by Foster and Balfour appeared. This dealt with 
Avian Embryology only and was intended to be the first part of 
a Systematic Introduction to the Study of Embryology. Directions “ to 
facilitate the only really useful mode of study, that of actual observation” 
were given in an appendix. In 1876 this was followed by ‘A Course of 
Elementary Practical Physiology’ in preparing which he was assisted 
by myself. Under the title Practical Physiology was included Histology 
and Physiological Chemistry and the dissection of a mammal such as 
would be useful to a beginner in Physiology, for Foster was of opinion 
that the study of structure and function should go hand in hand. 

In Nov, 1876 he finished his ‘Text Book of Physiology? and this was 
published in the following year. The book firmly established Foster’s 
reputation as a Physiologist. The distinguishing characters of the work 

are its good literary style, and its suggestive and impartial manner of 
jouke Physiological questions. In many respects it stands as a text 
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book by itself. It was widely used in America and was translated into 
Italian, German, and Russian. And a host of medical practitioners, who. 
could not bring themselves to study arid physiological facts read it with 
equal pleasure and profit. Successive editions were made necessary 
by the growth of the subject, of these the 3rd is perhaps the best. In 
the later editions Foster’s many occupations prevented him from 
keeping its primitive unity. But it will always remain a work to 
which the jaded physiologist can turn with interest. | : 

At a later date he wrote two quite elementary books, a ‘Science 
Primer on Physiology’ (1890), and ‘Simple Lessons on Health for the use 
of the young’ (1906). The latter is an admirable example of Foster’s 
power of putting fundamental facts in untechnical language. He 
wrote also (in 1899) a life of Claude Bernard—a brilliant account ~ 
of the work of that brilliant Physiologist. 

In 1871 the honorary degree of M.A. was conferred on Foster by 
the University, and in the same year he was elected a Fellow of Trinity 


College. In 1872 he married Miss Margaret Rust of Huntingdon who 


became his constant companion both at home and in his annual holiday 
in earlier years in Switzerland, and in later years in Venice. In 1888 
consequent on the Report of a Royal Commission, a Professorship of 


_ Physiology was founded in Cambridge, and the Trinity Prelector of 


Physiology without any practical change of duties became Professor in 


. the University, In the following year the complete degree of M.A. was 


conferred upon him. He was a member of the Council of the Senate 
from 1886 to 1890. He did not take any great part in the ordinary 
routine of University business, but he had a keen interest in the 
establishment of new studies, and the Department of Agriculture at its 
inception had in him an ardent supporter. In 1900 his increasing 
duties outside the University. led to his applying for a Deputy to 
perform the duties of the Professorship and in 1903 he resigned his 

In Cambridge it will not be forgotten that the modern develop- 
ments of Biological Science in the University are primarily due to 
Sir Michael Foster. He transformed the method of teaching, extended 
the scope of the subjects, and implanted higher ideals.. And it should 
be remembered that his influence—exerted both directly, and indirectly 
through his pupils—extended far outside the limits of the University. 
The scientific study of Physiology, Botany and Morphology in English- 
speaking countries is largely indebted to him for some of its best — 
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Foster wrote many articles on scientific subjects for. Reviews, and 
was in constant request for Addresses and Lectures. Of the latter one or 
two may be mentioned. He delivered the address on Physiology at the 
meeting of the British Medical Association at Cambridge (1878); and 
at the meeting of the International Medical Congress in London (1881). 
He delivered also one of the inaugural addresses at the International 
Medical Congress at Rome (1894). He gave the Rede Lecture at 
. Cambridge in 1893, and a course of lectures at the Cooper College, 
San Francisco, in 1900. ‘The latter course of lectures he issued in book | 
form in 1901 as ‘A History of Physiology during the 16th, 17th and 
18th centuries’—a scholarly work, written in an easy picturesque 
manner. 

In still other ways than these, Foster's initiating spirit was of 
notable service to Physiology. He founded the Journal of Physiology, 
and took a large part in promoting the establishment of the Physio- 
logical Society and of the International Congress of Physiologists. 

When Foster came to Cambridge there was no periodical specially 
devoted to Physiology in the English language. Physiological Papers 
were published as a rule either in the ‘ Proceedings or Transactions of 
the Royal Society,’ or in the ‘Journal of Anatomy and Physiology.’ Most 
of the Papers which issued from Foster’s laboratory and from its off- 
shoot Balfour's laboratory appeared in the latter Journal, In 1876 the 
physiological side of this Journal—then edited by Prof. Humphry and 
Prof. Turner—was strengthened by. the addition of Foster and 
Rutherford to the editorial staff. But Foster. perceived that the 
interests of Physiologists would be better served by a periodical devoted 
solely to Physiology. Mr Dew-Smith, a former pupil, who was then 
carrying on research in the laboratory, offered to take the financial 
risk. Foster obtained the support of Gamgee, Rutherford and 
Burdon Sanderson, and it is characteristic of him that he sought a 
wider range than was afforded by English work and appealed also to 
America in the names of Bowditch, Wood, and Newall Martin. 
The first number of the Journal of Physiology was issued in March, 
1878, and Foster remained the sole editor until 1894, when he re- 
linquished the active duties of editorship. | 

The Physiological Society was established in 1875. I gather from 
_ Dr Gerald Yeo, who was Honorary Secretary of the Society at its 
commencenient, that the idea of forming it occurred to Foster and 
Burdon Sanderson when visiting the Biological Club in Dublin. On 
their return to London a meeting of Physiologists was summoned by 
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Burdon Sanderson. Burdon Sanderson explained the object’ of 
the meeting, Foster gave an outline of the kind of Society it was 
proposed to form, and the proposal was warmly supported by Huxley. 


A Provisional Committee was appointed to draw up rules and the 
Physiological Society, which has been of the greatest service to British 
Physiologists, was started soon afterwards. 

The first suggestion for an International Congress of Physiologists 
appears to have been made at the meeting of the British Medical 
Association in 1881, At a breakfast party given by Prof. Yeo to 
Foster, Goltz, Heidenhain and Kronecker, the latter proposed 


that Physiologists should have a Congress of their own. The plan — 
was fully discussed and Foster advocated the view—which was sub- 


sequently adopted—that the Congress should be chiefly devoted to the 


demonstration of experiments, and of methods of work, and should not 


issue formal Proceedings. But no active steps were taken till 1888, 
when Foster broached the matter to some members of the English 


Physiological Society. The Physiological Society heartily supported 
the plan, and issued a circular to the representatives of Physiology in 


other countries, as the result of which an International Committee was 


appointed and the first International Congress held in 1889 at Basel. 
- Foster throughout took an active interest in the Congress. In 1898 
’ he was President at the Cambridge Meeting. In 1901 at the meeting 
in Turin, he was made Honorary Perpetual President. An inscribed 
tablet was presented to him on the part of the Congress by Prof. Mosso. 


The inscription ended with the words “Gratia sit honosque propugna- 
tori nostro.” 

Foster said of himself that his life “was broken into bits by his 
many and varied duties.” In fact, he performed many important 


services to science in general and to the world. But in the Journal of 
Physiology, these services can only be briefly mentioned. 


He was for long years one of the active supporters of the British 


Association for the Advancement of Science. He became a member of 


it in 1859. He was Secretary of the. Biological Section in 1867, 


: Deputy-President of the Sub-section of Anatomy and Physiology in 


1870, joint general Secretary from 1872 to 1876. President of the 
Physiological Section in 1897, and the President of the Association in 
1899. During a considerable part.of this time he exercised his influence 
in forwarding many of the important Biological matters with which the 


Association deals. 


A large part of Foster's energies was given to the service of the 
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‘Royal Society. He was elected a Fellow of the Society in 1872. He 
became Secretary in 1881 and held that: office till 1908. Beside the 
organising and routine-work which falls to the lot of an active Secretary, 
he seized every opportunity offered to the Society of extending the 
boundaries of scientific work ; and he took an important part in the general 
organisation of the Meteorological Office, in the establishment of the 
National Physical Laboratory, in carrying out the Royal Society Cata- 
logue of Scientific Papers; and in starting the International Congress 
of Geodesy. It was chiefly on his initiative that the International 
Association of Academies was formed, and the International Catalogue of 
Scientific Papers begun. Out of the movement connected with the former 
arose the British Academy of Letters. The Council of the Royal Society 
from time to time urged on the Government the advisability of giving 
grants in aid of scientific expeditions. These related to special objects 
such as the investigation of coral reefs, the investigation of earth- 
quakes, the observation of eclipses, and the scientific exploration of 
little known countries. Foster was a strong supporter of such action, 
and as Secretary was generally responsible for the negotiations with the 
Treasury or other Government Office. His influence was exerted not 
only in strengthening the connection of the Royal Society with the 
Government, but in convincing the Government that they would obtain 
sound information and advice on scientific questions from the Society. 
His wide experience, sound judgment and broad scientific knowledge 
led to his appointment on various bodies of public utility. He served 
on the Royal Commissions on Vaccination (1889), on the Disposal of 
Sewage (1898), and on Tuberculosis (1901). Of the last he was 


Chairman. The work of each of these extended over several years. He — 


was Commissioner under the London University Act (1898). He was 
Chairman of the Departmental Committee to report on the botanical 
collections at Kew and at the British Museum, and served on the 
Departmental Committee of the War Office on Military Education. 
He was a Member of the Committee appointed by the Colonial Office 


to advise as to the best means of preventing malaria and other tropical — 


diseases, and his services were recognised on his death by an official 
letter from the Colonial Office to Lady Foster. 


From 1900 to 1905 he represented the University of London in 


Parliament. By training and choice he was a strong Liberal, but he 
entered Parliament at a time when the Liberal party was divided 
on the question of Home Rule, and he, as many others, severed 
himself from the party on this question. He entered Parliament 
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as a Liberal Unionist, and as such sat‘on the Conservative side of the 

House. But he regarded himself as an independent member, sent to 

! represent education, especially the scientific side of education. More 

than once Foster found himself unable to support the legislation — 

proposed by the Government. This was especially the case with regard 
to the proposals .of the Education Bill, which was strongly opposed by 
most nonconformists, on grounds connected with the clauses of the Bill 
dealing with religious education. He was also out of sympathy with 
the Government on the question of Tariff Reform. In 1905, Foster 

; came to the conclusion that, as he could no longer vote with the 

Government on the legislation they were then proposing, his proper 
i course was to cross the floor of the house and sit with the Opposition. _ 

This he did. As he had never regarded himself as pledged to the 

Unionist party, he did not resign and offer himself for re-election. This 

no doubt was a mistake in tactics, and in the General Election of 1906, 

when he was again a candidate, he was defeated, though by the narrow 

majority of 24 votes. When in the House he did not speak often, but 
his opinions—given almost entirely on scientific matters—carried great 
weight. 

| Shortly after his second marriage he built a home on a spur of 

the Gog-Magog hills about four miles from Cambridge. There on a 

bare chalk slope backed by a spinney of low growing trees he laid out a 

garden, which soon became the favourite afternoon resort of his. many 

: friends. His garden was his chief relaxation. He loved masses of 

i flowers and had large beds of cyclamen, anemones, daffodils, irises and 

‘many others. His rock garden in early summer was a blaze of colour. 
He was especially successful in growing varieties of Eremurus, and their 
noble spikes were a great feature of the garden. But he loved still more 
growing rare plants, and experimenting in hybridization. Most of all he 
Joved irises, and many a traveller in distant lands enriched his collection. 
‘On these he became one of the first authorities and produced a number 
of new hybrids, with an account, on which he was busy to the last. 

__ Foster received numerous distinctions in recognition of his scientific 
services. He was an honorary or corresponding Member of many learned 
Societies both at home and abroad. He received honorary degrees from 
the Universities of Dublin, Glasgow, Montreal, Oxford and St Andrews. 
And in 1899 he was created Knight Commander of the Order of the 
Bath. 

_ Foster suffered little from ill health during the greater part of his 
life. The early symptoms of consumption disappeared. He was an 
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; eatly riser and spent as much time as he could spare in the open, air in 


his garden. Though careful in diet, he only abstained entirely from 


those things for which he had no taste. He dined out rather frequently, 
and when he dined on: public occasions he was commonly asked to speak. 
As an after-dinner speaker he was excellent, and, at his best, was in the 
‘ very first rank. He spoke, as he lectured, very slowly, and without any : 
freedom of gesture. A peculiar gleam of the eye announced the coming 
of a humorous allusion, and a jest was followed by an ‘inimitable 
suppressed laugh, which was the delight of all his friends. On other 
occasions he was grave and earnest and, as Dr Pye-Smith has. said, 
“ Few public speakers knew better how to express sympathy or sorrow 
in dignified and graceful terms.” 

In 1904 he had a severe attack of eae which alvapet 3 incapaci- 
tated him for work and for a time robbed him of his enjoyment of life. 
But the pain and discomfort gradually became less, and in the summer 
of 1906 he was again active and his cheerfulness had returned. On 
Monday, Jan, 28, 1907, he made a short speech i in London at a Meeting 
of the British_Science Guild, in.the evening he was taken ill, and. was 

attended by his friend Dr Rose Bradford. In the night he died 
suddenly from. upeaaioaten: caused by the bursting of an cieophages! 
ulcer, ; 

: The portrait we give of. him i is from a photograph made in 1896 by 
Mr R.A. Bickersteth, one of his old pupils. 

Sir Michael Foster’s varied work in life was only made possible 
by. his sincere and genuine nature. He was.a man of large aims, and 
generous enthusiasms, of strong initiative and of unusual power of 
inducing others to see as he did. Affection and respect went out to 
him instinctively. He had a genius for making friends, and to his 
friends he was one of the most tender hearted and lovable of men. 
To many outside his immediate circle his death brings a a sense of deep 
personal. loss. 


I am indebted to Lady Foster for statement of the chief events of Sir Michael 
Foster’s life, and to Prof. Ray Lankester, Dr Gerald Yeo and Prof. Kronecker 
for information on particular points. I desire to give my cordial thanks’to Dr Pye-Smith 
and to Mr F, Darwin for the care with which they have revised the proof sheets. 


J. N. LANGLEY. 
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LACTIC ACID IN AMPHIBIAN MUSCLE}, By W. M.. 
FLETCHER, Fellow and Tutor of Trinity College, ann F.- 
GOWLAND HOPKINS, F.RS, Fellow and Tutor io 
Emmanuel College, University Reader in Chemical Physiology. — 


_ (From the Physiological Laboratory, Cambridge.) 
CONTENTS. 
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For a generation it has been recognised that there are means available 
within the body by which the acid products of muscular activity may be — 
disposed of, and there is already a large body of well-known evidence 
which indicates that this disposal of acid products—whatever the site of 
it may be—is most efficient when the conditions for oxidative processes _ 
are most favourable, and that it is incomplete when these conditions are 
unfavourable. 

The observations to be described in this paper were undertaken, in 
the hope of determining whether within a muscle itself means exist for 
an oxidative control of its own acid formation, or for the alteration or 
destruction of acid which has been formed, either there or by muscular 


activity elsewhere in the body. With this in view we examined in the 


first place the effect of an abundant supply of oxygen upon the develop- 
ment of lactic acid in a surviving excised muscle, and upon the stability 
of the acid within the muscle after its formation. For it has long been 
known that a surrounding atmosphere of oxygen has the effect of 


1 An account of the chief experimental results described in 
Physiological Society, May 12, 1906. 
PH, XXXV. 16 
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preserving the irritability of a resting excised muscle’ and of delaying 
the course of fatigue when contractions have been performed®, and it 


has been shown that the oxygen atmosphere may indefinitely delay the 


onset of rigor mortis in a resting or fatigued muscle’. Further we 
know that muscle entering the state of rigor as a result of fatigue, may 


‘actually be recalled to a flaccid resting condition by immersion in 


oxygen gas‘. 

Since an acid reaction of the muscle is, as most agree, a constant 
mark of the fatigued condition and a constant condition of the state of 
rigor, it is at once suggested that oxygen, when easily available, either 
restrains by some guidance of chemical events the yield of acid within 
the muscle, or is able to remove it after its production. And although 
the direct removal of lactic acid in the presence of oxygen by com- 
bustion or otherwise, does not take place under simple chemical 
conditions out of the body, yet an enquiry into the possibility of its 
occurrence within a muscle appeared very advisable in view of the facts 
that the resting survival yield of CO, by an excised muscle is at its 


‘minimum under anerobic conditions and is greatly increased in the 
presence of oxygen, and that the special yield of CO, due to contractions 


of the muscle is similarly increased in oxygen and may indeed be absent 


_ altogether in an oxygen-free atmosphere’. 


Our earliest experiments gave decisive evidence that lactic acid 
within an excised surviving muscle is actually diminished in amount, or 
even wholly eliminated, after exposure of the muscle to abundant free 
oxygen. 

A study of this removal of acid can only be based upon a knowledge 
of the rate of survival acid-production both in resting and in contracting | 


muscle, under anerobic and wrobic conditions; and before dealing with 


the question of oxidative removal it will be necessary in the first place 
to give an account of the main facts of this acid production. For it is 
notorious that, quite apart from the question of oxidative removal of 
lactic acid—which has not previously, we think, been examined—there 
is hardly any important fact concerning the lactic acid formation in 


_ tauscle which, advanced by one observer, has not been contradicted by 


some other. Abundant lactic acid formation is said to accompany the 


1 Liebig. Arch. f. Anat. Phys. u. Wiss. Med. p. 393. 1850. (Humboldt’s 
experiments in 1797 are given here.) 
* Ludwig and Schmidt. Ludwig's Arbeiten. Leipzig, 1869. 
> Fletcher. This Journal, xxvin. p. 474. 1902. * Ibid. p. 480. 
* Fletcher. This Journal, xxvut. pp. 354 and 488. 1902. | 
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= _.. process of natural rigor in a surviving muscle (du Bois Reymond, 
Ranke, Boehm, Osborne), but this is denied (Blome, Heffter): it is 

| said to accompany contraction, and to mark the advance of fatigue 
(Heidenhain, Ranke, Werther, Marcuse), but this is also denied 
(Astaschewsky, Warren, Monari, Heffter). Indeed, it may be said 

that since Ranke wrote in 1865, no description of the elementary facts 


a of lactic formation in muscle, despite the fundamental importance of 
the subject, has been generally accepted. 

a We believe that the present confusion is not in chief, if at all, 
& a result of the technical difficulties of lactic acid estimation, but that it 


is due to the difficulties inherent in the extractive treatment of an 
: irritable muscle. For it is clear that in such a case no treatment for 
af the extraction from muscle can be accepted which, acting itself as a 
if stimulus, has among its effects an increase of the acid to be estimated. 

Detailed criticisms of many previous observations will be given later 
in their place, but it will be convenient to refer briefly here to the 
main fallacies which underlie the methods of extraction hitherto 
described. 

_ As solvents of lactic acid, water and alcohol have been used for 
extraction, and in both cases the muscle must be reduced to small 
pieces, by cutting or grinding, in order to ensure complete extraction. 
Now it will be shown that chopping an irritable muscle is, as might be 
expected, an acid-producing stimulus; and it is obviously fallacious to 
consider that the extract of a muscle after such a treatment represents its — 
previous condition. This applies in all caseg where water is used for 
extraction ; for water, whose virtue in this connection is that it is not 
4 itself a stimulant, by tolerating the maintenance of muscle irritability, 
a allows time to pass after the chopping, during which, as we shall show, 

there.»ccurs great augmentation of the acid yield. 

For the purpose of avoiding rapid survival changes, some observers 
have used boiling water for the quick destruction of irritability before 
mincing has begun; but in these cases no analysis has been made of 
the effects of heating as such, and it has been left open to doubt 
af _ whether sudden heating accounts for a lactic acid yield greater or less 

4 than that due to cutting injuries. — 
| _ Others, again, have employed alcohol—an excellent extractive of 
lactic acid—and they have hoped that the alcohol in rapidly killing the 
muscle might not only maintain the status in quo ante, but allow 
subsequently a non-stimulating cutting up or mincing of the muscle for 
the completion of extraction,—and this mincing, incidentally, is ~— 
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by the coagulative effect of alcohol. But a special dilemma is presented 
in the use of alcohol: the muscle must be chopped either before or after 
‘the immersion. If chopped before, in order to bring the alcohol at once 
to every small part, then the fallacy due to the chopping stimulation is 
introduced and no advantage gained by the use of alcohol. If, on the 
other hand, the intact muscle is bodily immersed in alcohol, without 
injury, then it does not escape a special stimulant action of alcohol 
which has not previously been recognised. We shall show that an © 
irritable muscle taken whole, and simply immersed in strong alcohol, 
may in a short time suffer an eight-fold increase of its acid contents. 
This special effect is increased with an increase of temperature, and the 
use of hot alcohol, which only results in the evils of alcohol action being 
condensed to a shorter time-interval, must be altogether disallowed. 
It is a surprising fact that the dangers belonging to the use of water for 
extraction are not half so great as those arising from an uninformed 
reliance upon the use of alcohol. In view of the fallacies attending the 
use either of water or of alcohol for the extraction which must precede 
lactic acid estimation, we think, on a review of the literature, that it is 
not too._much to say that we have as yet no trustworthy comparisons of 
the lactic acid content of resting and active muscle respectively, and 
that perhaps in no recorded observations has a genuinely resting muscle 
been available for examination. 
We hope to show that in our experiments we have avoided these 
- dangers of alcohol stimulation,—the magnitude of whose effects we 
never suspected before trial,—by using ice-cold alcohol, which has no 
appreciable stimulant action, while it retains its killing and coagulative 
influence. Immersion in alcohol has been followed by immediate 
rapid and thorough grinding (with sand) of the muscle ice-cold, in 
ice-cold alcohol.’ Of this and of the methods of experiment and 
estimation a detailed account will now be given. | 


I. METHODS OF EXPERIMENT AND ESTIMATION. 


Changes in acidity form a feature of muscle metabolism so long 
familiar, and so prominent, that it is a matter for some surprise that the 
literature of the subject contains no satisfactory account of observations 
made with such continuity as would bring out the time relationships of 
the phenomena involved; made, that is, upon lines usually followed 
with profit in the study of other problems in chemical dynamics. There 
exist a great number of comparisons between the acidity of resting and 
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that of fatigued muscle, and also between fresh muscle (or muscle so 
described) and muscle in rigor. But except the very imperfect 


observations of Ranke, and those of Landsberger, which are 


certainly not of a kind able to yield conclusive results, there is no 
evidence concerning the actual course of acid production. The 
experiments of the two authors just mentioned are referred to later. 
Nor can it be said that any satisfactory study has been made of the 
various conditions which control changes of acidity. 
_ Any such investigations would be the more valuable, it would seem, 
if they were concerned, in the first instance, with a specific organic 
metabolite such as lactic acid itself.- Determinations of total acidity 
are doubtless of value, but chiefly when special effects, due to acidity, as 
such, are being studied. Total acidity may, possibly at least, express 
the combined results of more than one-specific line of change in 
metabolism, and the study of chemical dynamics in muscle is better 
served if we obtain srontamstresn first of all, with regard to lactic acid 


What has doubtless stood in the way of the pursuit of this 
study is the circumstance that accepted methods of lactic acid 
estimation are both lengthy and tedious. It is difficult therefore to 
take in hand, at any one time, a sufficient number of estimations to 
complete a velocity curve or other extended investigation. 

Realising this difficulty we ourselves spent much effort before 
beginning our research in the endeavour to contrive a method of 
determination which should be simple and yet accurate. In particular 
we tried to apply oxidation methods in which the lactic acid is con- 
verted into aldehyde, and the latter distilled off for estimation. The 
application of this principle was at one time suggested by Boas’, and 
we tried at first the method as described’ by that author, only to find it 


unreliable. Later we tried various modifications, especially taking 


advantage of more recent methods for estimating minute quantities of 
aldehyde. We attained to no great success, however, and found that, in 
any case, it is necessary, before applying oxidation methods, to carry out 
exhaustion of the muscle extracts with ether. This step proving 
necessary, little gain in time accrues from the final substitution of 
aldehyde estimations for the much more reliable process of weighing a 
lactic acid salt. Osborne used a method in which the acid was 
converted into a barium salt, the equivalent of barium being finally 
determined as sulphate. This method has not yet been fully described, 
1 Boas. Deutsch. med. Wochenschr. No. 39, p. 940. 1893. 
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and we inate decided to return to the practice of weighing zinc 
lactate. | 

At various stages in the processes of extraction and estimation we 
have made soie slight modifications’ in detail, and it is desirable that 
we should discuss the reasons for these before summarising our routine 
procedure, | 

From remarks already made and from evidence offered in a succeed- 
ing section, it will be understood that we have found the nature of the 
preliminary treatment of yet irritable muscle to be a matter of the 
very greatest importance. Our method has been to crush under ice- 
cold alcohol (96°/,) each individual muscle the moment it has been 
removed, with as little injury as possible, from the bones. In the case 
of frog’s limb-muscles it is of course easy to do this by the simple use 
of pestle and mortar. The muscles contributing to any one estimation 
can be, finally, reduced to a thin “brei,’ and if this be allowed to 


stand for some time at room temperature under a sufficiency of alcohol, 


extraction becomes very complete. Before finally filtering the alcoholic 
extract through filter paper, we have always poured the fluid through 
muslin, very thoroughly squeezed the residue, and repeated its ex- 
traction with alcohol several times. __ 

The residue left on evaporation of the clear, filtered, alcoholic 
_ extract, when rubbed up with hot water, yields a thickish magma, 
containing fats, lipoids, and other substances in suspension, which is 
very troublesome to filter. Its treatment seems always to have offered 
- difficulties to those who have proceeded on the lines hitherto indicated. 


It is, of course, possible to extract this aqueous fluid very thoroughly — 


with ether while the reaction is alkaline, and then to extract the ether- 
soluble acids after subsequent acidification. This method costs much 
time, and it is very difficult to make the removal of fat in the 
preliminary alkaline extraction quite complete. 

We found that the use of animal charcoal offered quite unexpected 
help at this stage. Previous experience had shown us that charcoal 
absorbs lactic acid scarcely at all, and the amount removed from 
_ solutions in contact with it is negligible, If the above mentioned 
watery extract containing fats, etc., in suspension be heated for some 
time on the water bath after the addition of a reasonable amount of 
charcoal, and be finally boiled up before filtering, it passes, in almost all 
cases (vide infra), rapidly through a thin filter paper, yielding a filtrate 
which is perfectly clear and colourless. If the charcoal on the filter be 
well washed with hot water there is no fear of loss of lactic acid. 
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The clear filtrate obtained in this manner we have always evaporated _ 
completely to dryness before finally redissolving for ether extraction. 
Small quantities of volatile acids are thus got rid of, while any loss of 
lactic acid seems to be infinitesimal. Pigmentation occurs during such 
evaporation to a degree which is almost. proportionate to the amount of 
breakdown products present in the original muscle; but the pigmented 
products do not in the smallest degree leave water for ether. The 

‘residue is taken up in a convenient quantity of water and strongly 
acidified with phosphoric acid in preparation for ether extraction. 

In view of the work before us a decision as to the method of ether 
extraction to be adopted gave us, at first, some cause for anxiety. The 

: coefficient of partage of lactic acid in ether and water is such that 
: complete extraction is by no means easy. The use of a delicate 
' qualitative test for the acid will indicate incomplete exhaustion at a 
a stage when (to judge from descriptions) many observers have ceased to 
a continue the process, A really efficient continuous liquid extraction 
i apparatus would appear to offer the best solution of the difficulty; but 
such as we have tried have always brought about astonishingly slow 
removal of the last traces detectable by a colour reaction. In carrying 
out a series of simultaneous estimations (such as is necessary for 
constructing a velocity curve) it is almost essential to employ several 
individual sets of extraction- apparatus, and the difficulty then arises 
that the rate at which they work varies greatly, and it is impossible to 
say (this being the chief objection to their use) that, at any moment, 
extraction is complete, or has proceeded to an equal degree, in all. — 
Experience led us back to the simpler procedure of extraction by 
shaking, and, as we have carried it out, it is, without doubt, the most 
reliable method for such experiments as ours, in which a slight fall from 
absolute values is of less importance than rigid comparability among 
individual estimations. 


- If all the conditions of extraction are maintained strictly uniform 
the distribution of the lactic acid between ether and water remains, of 

| course, at a strictly constant ratio. We have therefore always taken 
great care to make the volume of the aqueous solution before extraction 


exactly the same in every determination, to add an exactly constant 
amount of phosphoric acid, and finally to extract with a uniform 
number of exactly measured quantities of ether. We used enough 
ether, and sufficient renewals of the solvent, during extraction to secure 
nearly if not quite complete removal of the acid, and abundant 
experience has shown that, in any case, we have removed exactly 
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constant ratios in every determination. We have gone into this point 
at length, not because our extractions have been less complete than 
those of our predecessors; but because it has not always been recognised 
that the removal of the last traces of lactic acid from water by shaking 
with ether is a very lengthy process. - 

In almost every case the procedure so far described works smoothly, 
and the method is comparatively rapid. Certain exceptions occur 
under interesting conditions. In the case of resting muscles of well fed 
frogs, which have been carefully treated with ice-cold alcohol as above 
(a process which; as shown elsewhere, rapidly arrests change), the 
aqueous solution of the alcohol residue retains, even after treatment 
with charcoal, a “colloid” character, which makes it slow to filter. In 


such cases, too, the charcoal tends to pass through the filter, the colloid | 


material (which is certainly not glycogen) having the usual effect of 
keeping fine particles in suspension. The results of this special con- 
dition are felt also at the stage of extraction by ether, and lead to a slow 
separation of the water and ether layers after shaking. Whatever the 
cause of these characters in the extracts from strictly resting muscle, 
the phenomena disappear completely when the muscles to be dealt with 
have undergone slight fatigue, or quite brief survival changes. As soon 
as breakdown products have accumulated, even to a slight degree, the 
extracts filter rapidly and clear, while behaviour at the ether extraction 
stage is normal. Only in very rare instances have we found the 
characters of resting muscle extracts, as described, make the final 


estimation in any way unsatisfactory. Their treatment calls memerer % 


for a somewhat greater expenditure of time and care. 
Our method of carrying on the process, after ether extraction, has 
been that usually adopted by others. The ether is distilled off, the 


residue taken up with hot. water, and the solution boiled with zinc 


carbonate and filtered. The solution of zinc lactate is finally evaporated 
for the purpose of weighing. Something remains to be said however 
with regard to our procedure at the final stage. We have preferred 
always to weigh our final product as anhydrous lactate, for reasons 
which the following will explain. We have in the first place not been 
able to confirm the almost universal assumption, explicitly or implicitly 
made by most writers, that it is easy to prepare zinc lactate from 
muscle in such a condition that it shall contain exactly the normal two 
molecules of water of crystallisation. Although the data given by many 
authors indicate decided irregularities in the water determinations, 
even when there has been no good reason to doubt the purity of the 
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‘material, no special comment upon this fact has ied ei made. 


Osborne’ however has been more outspoken. He writes of the 
attempt to dry zinc lactate to constant weight as “a task which is well 
nigh impossible.” For our own part we have found that, under average 
conditions of humidity in the laboratory, preparations, when being air 
dried, may stand almost indefinitely before their weight falls to that 
corresponding with the content of two molecules of water; their weight, 
moreover, may fluctuate considerably, The salt undoubtedly, as all 
observers agree, loses its water completely in a vacuum over sulphuric 
acid; on the other hand we have been unable to confirm the statement 
that two molecules are completely stable over sulphuric acid without 
vacuum; nor have we found complete stability even over calcium 
chlotide. 

As regards the influence of the sulphuric acid Dakin: without 
vacuum, there already exists a contradiction in the literature. 
Schwienig states that zinc sarcolactate, unlike the salt of the 


fermentation acid, scarcely loses water; Werther, on the other hand, 


found that the two molecules are reduced to one. An empirical 
use of the calcium chloride dessicator, choosing, for instance, a definite 
predetermined time of exposure, may lead to results which are close — 
to theory. Such a method is clearly unsatisfactory, however, and 
we came to the conclusion that, at any rate in the case of small 
quantities of zinc sarcolactate euch as are to be weighed in experiments 
like ours, water determinations are unavailable as a proof of purity ; for 
this proof we have relied upon estimations of zinc oxide. 

It is perfectly easy however to weigh the salj, with strict accuracy, 
in the anhydrous form, and it is of great advantage to evaporate the 
solution, after filtering from excess of zinc carbonate, ccmpletely to 
dryness on the water bath, and to transfer, at once, to the drying oven. 


The lactate separates on the water bath wholly anhydrous, and very 
_ brief drying at 110° afterwards yields constant weights. The hydrated 


salt loses the last traces of water more slowly. It has been our 
practice, after weighing, to dissolve each residue in water, to allow it to 
erystallise spontaneously, at room temperature, and, having carefully 
examined the crystals microscopically to proceed, in a large number of 
cases, to a determination of zinc oxide. All the products as weighed 
have been entirely free from pigment, have yielded uniform crystals 
having tht exact characters of those of pure zinc lactate, and have gs 
percentages of zinc oxide very close to theory. 
1 Osborne, Proc. Phys. Soc. p. xlix. 1901. (This Journal, vol. xxv1.) 


tye 
ip 
. 
4 
7 
‘ 
k 
+ 
fag 
| : 
hiss 
a 
by 
A ‘ 


256 W. M. FLETCHER AND F. G. HOPELAG. 


We may now give a brief account of our treatment of the frogs 
employed. In all cases we used the muscles of the hind limbs only. It 
is abundantly shown elsewhere that it was of the utmost importance. 
for most of our observations that absolutely intact and undamaged 
muscles should be used. A considerable number of animals was usually 
required, sometimes as many as one hundred for an individual experi- 
ment. A good deal of time was therefore occupied in the preliminary 
treatment during which changes in the muscles were, so far as possible, 
avoided by the free use of ice throughout. The frogs were pithed and 
the hind limbs removed by a cut across the pelvic girdle higher than | 
the limb muscle attachments, so the mnnculaeare of the thighs remained 
intact. 

If the muscles were to be fatigued for the purposes of the experi- 
ments in Part V. the limbs were left unskinned until after stimulation 
by the method described on page 280, Otherwise the limbs were 
skinned, the whole number well shuffled and divided into sets of 
ten limb-pairs (each pair still attached at the pelvis). Such a set of ten 
served always for individual estimations. It was, of course, desirable 
from-every point of view, to use as few frogs for individual estimations 
as is consistent with accuracy, and experience led us to this choice © 
of ten limb-pairs. It is true that in the case of strictly resting 
muscles it involved the weighing of as little as 20 mgms. of zinc lactate. 
But duplicate analyses proved the possibility of close agreement even in 
this case, and we have controlled the (remarkably constant) value of 
the resting minima by the use of larger quantities. Otherwise the | 
amounts of lactate weighed ranged up to some 300 mgms. Weighing 
the final product was carried out in light, flat-bottomed, glass 
evaporating dishes, choice being made of such as showed satisfactory 
stability in weight during use. It should be understood that in the 
construction of (say) an angrobic survival curve, the condition of an 
individual set of ten limb-pairs was taken as at any moment repre- 
senting the condition of the rest of the series. Full proof of the 

sufficient accuracy of this assumption was offered by duplicate analyses 
_ made from time to time, and by other evidence. Doubtless this 
desideratum was the better attained because of our practice of always 
using, for any one experiment, frogs caught immediately before its 
commencement under similar natural conditions, and also because, in 
shuffling (say) 100 limb-pairs into sets of ten each, we always made the 
weight of the sets as nearly as possible equal, thus securing average 
conditions of surface, etc. 
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Throughout the experiments care was taken to use sterilised vessels, 
and to work as aseptically as possible. In none of the series did 
putrefaction occur. 

We may now summarise the processes of extraction and estimation 
as carried out in practice. The exact details given apply to hee 
estimation of which the results appear in this. paper. 


The set of limb-pairs having undergone the treatment necessary to the experiment in 
hand, were placed in a weighed beaker, and their final weight observed. The beaker was | 
next placed in ice, One operator now carefully cut the muscles from the limbs by means 
of sharp scissors. Each limb-pair while under treatment lay on a glass plate in contact 
with crushed ice. As each individual muscle was removed it was dropped into ice-cold 


_aleohol contained in a cooled mortar. A second operator immediately crushed the musele. 


As the disintegrated muscle mass accumulated in the mortar it was transferred from time 
to time to another vessel, and the alcohol renewed in the mortar. Finally the supernatant 
alcohol was poured off temporarily, the mass of crushed muscle returned to the mortar and 
ground to a paste. The original alcohol, the muscle, and the washings of the mortar, 
were now mixed in a beaker and the whole allowed to stand over night. About 400 c.c. of 
aleohol were used in all. Meantime the bones, with the attached debris, of all the limb- 
pairs were collected in the tared beaker and carefully weighed. The net weight of the 
muscles actually used was thus obtained and noted. Occasionally sets of limbs lost weight 
to some degree during the course of a long experiment, and this loss was of course greater 
in the sets contributing to the later estimations. By a convention, which we found 
justified im practice, one-fourth of this loss was attributed to the bones and the 
residual tissue left upon them, and three-fourths to the muscle cut off and employed 
for analysis. After standing, the alcohol was poured through muslin, the muscle 
mass squeezed thoroughly dry, and again covered with spirit and allowed to stand. 
This process was repeated twice more. The united alcohol extracts were filtered 
through paper, and the clear yellow filtrate evaporated on the water bath. The 
residue was carefully rubbed up with successive small quantities of hot water, and 
the thick fluid (about 100 c.c. in all) transferred to a small flask. Two and a half 
grammes of finely powdered pure blood charcoal were added, the flask placed on the water 
bath for half-an-hour, the contents finally heated to boiling and filtered through a small 
filter. The charcoal wae washed once on the paper with boiling water, and the filter with 
its contents then transferred to a beaker, boiled with fresh quantities of water, filtered 
through a second paper and the whole mass washed again with boiling water. The clear 
colourless filtrate was evaporated just to dryness on the bath, the residue rubbed up with 
minute successive quantities of hot water and each successive extract poured into an 
accurately graduated 100 ¢.c. stoppered cylinder, until, after cooling, the whole volume of 
the aqueous solution measured exactly 15 c.c. 5 c.c. of a saturated solution of phosphoric 
acid, made from the pure glacial acid, were added, and on to the 20c.c. of fluid then 
present 60 c.c. of ether, exactly measured, were poured. After thorough shaking the ether 
was removed with a pipette, renewed, and the process repeated till the aqueous fluid had 
been extracted five times; on each occasion with thrice its bulk of ether. The ether 
extracts were united and filtered through a dry filter. The ether being distilled off from 
a small distilling flask, the residue was carefully taken up in hot water, the aqueous fluid 
digested with ‘5 grm. of thoroughly washed zine carbonate, finally briskly boiled and 
filtered into « tared glass dish. Such filtrates were crystal-clear and colourless. The 
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solution was now evaporated to complete dryness on the bath, transferred at once to a 


_ drying oven and weighed till constant in weight. The residue was taken up in water, 


allowed to crystallise out spontaneously, the crystals examined microscopically as a test 


of purity, and finally a determination of zine oxide was made, this being usually done, 


however, upon the united residues of three or four estimations belonging to the same 
series, 


All the figures quoted in the paper are for convenience given as percentages of 


Il. THE LACTIC ACID YIELD OF RESTING MUSCLE, AND THE PART 
PLAYED BY TECHNICAL METHODS IN DETERMINING THE RESULTS 
OF ITS ESTIMATION. 


During the half century ahhioh has passed since du Bois Reymond’, | 


_ followed by Ranke’, showed that resting muscle is alkaline and becomes 


acid during survival, the balance of opinion on the whole has favoured 
their view. This opinion however has not been based either by them, 
or by their followers, upon the results of successive estimations of | 
muscle extracts made at several successive periods during survival, but 
simply upon a comparison made between “ fresh” muscle and stiff dead 
muscle. And while Ranke’s results are supported by those of Takacs 
(1878), of Boehm (1880), and others, who find that a stiff muscle 
contains more acid than one freshly excised, von Fiirth, as late as — 
1903, finds only a slight increase of acid on rigor, and Blome (1891), 
followed by Heffter (1893), deny that any increase at all takes place. 
This conflict of opinion is not so serious as it seems, and does not — 
call for very elaborate analysis; the whole difficulty lies in the judgment 
to be passed on the condition of “fresh” muscle. All observers alike ~ 
agree in finding a substantial amount of lactic acid present in stiff dead 
muscle, but the figures given for fresh muscle vary very widely. Those 
observers who find a low acid figure for fresh muscle in comparison with 
dead muscle, give their assent to Ranke’s view of a survival production 
of acid. Those who find a high acid figure for fresh muscle, deny this — 
survival production, since they tend to find, as Blome did, that “a 
fresh muscle has exactly the same mass of acid as the clotted muscle*.” 
The discrepancies between the various results of estimation of acid 
in “fresh” muscle again, while they account for the widely different 


1 loc, cit. Tetanus, Leipzig, 1865. 
* Blome’s results are in part explained by the considerations brought forward by 


- Réhmann (Pfliger's Archiv. u. p. 97); but the hhigh figure obtained for resting muscle 
explanation. 


seems to call for further 
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views held of the survival process, significantly depend upon the 
technical methods of manipulation and extraction. In all cases alike 
the fresh resting muscle is minced or cut, to some extent at least, 
before extraction begins, and the question whether the resting condition 
outlasts this process is one which has not received notice. Independently 
of this, it is to be seen that those observers who kill and extract the 
fresh muscle by imnjersion in boiling water, obtain relatively low figures 
for resting muscle (Takacs ‘4°/,, Boehm von Fiirth °27—33"/,) 
as compared with clotted, while those who use alcohol for fixation and 
extraction uniformly obtain high figures for lactic acid in resting muscle | 
(Blome ‘9°/,, Heffter ‘59°/,). Hence it follows that by the use of 


boiling water the survival development of lactic — is upheld as true, 


by the use of alcohol it is denounced. 
We shall give reasons for thinking that a rapid use 2 of boiling water, 


_ though offering a technique which is by no means ideal, happens to lead 


to a fairer estimate of the acid in fresh muscle, than either the use of 
alcohol or water after elaborate mincing, or the use of alcohol for killing 
and hardening before mincing. Little critical attention has been paid 
to this question of extraction method, but we may note that Heffter, 
using alcohol himself and denying, therefore, the survival production of 
acid, devotes a special paper’ to a criticism of Boeh m’s opposing results* 
gained by the use of boiling water. Using freshly excised cat’s muscle, 


_ Heffter found, after alcohol extraction, ‘42 °/, of lactic acid, after boiling 


water ‘26°/,,—the latter being a low figure such as Boehm and others 
had obtained. Heffter, struck by this grave discrepancy, which as we 
have shown lies at the root of the whole long controversy, is not. led 
to suspect his high alcohol figure as fallacious, but assumes that’ the 
lowness of the water figure,and the conclusions Boehm and others have 
drawn from it, are due to the faultiness of water extraction in the case 
of heat-coagulated muscle. 

Again, Heffter shows that the lactic acid yield of muscle put 


straight into hot alcohol is ‘87 °/,, while the yield when mincing precedes 


alcohol extraction is only ‘82°/, He uses this comparison to decide 
that mincing as such is not responsible for a large yield of lactic acid, 
but he does not examine the possibility that while mincing accounts for 
a large yield of acid, alcohol itself might account for more. That he 
was unconscious of this possibility, in itself deprives his criticisms of bis 
own and of Boehm’s results of much of their value. 


1 Arch. f. exp. Path. u. Pharm. xxxvut. p. 447. 1897. 
2 Pfliiger’s Archiv. xxi. p. 44. 1880. 
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Before dealing then with the course of the spontaneous survival 
development of lactic acid within muscle, we shall first give our own 


estimation of the acid yield from fresh resting muscle, and examine the — 


effects of cutting and mincing injuries, the special effect of alcohol and 
the effects of other destructively stimulating agencies, in increasing the 
yield of lactic acid. All the results given are those obtained with frog’s 
muscle. We have evidence that the events in mammalian muscle are 
not different in kind, though they are widely different in their time- 
relations. It has seemed better to elucidate the simpler case of cold- 
blooded musclé before attempting in detail the far harder task of 
following the lactic acid development in the quickly changing mammalian 
muscle, 


Resting muscle: the resting “minimum.” 


From the first we have obtained very low figures for the percentage 


of lactic acid in resting muscle, and in this we differ from other observers 
who have used alcohol for extraction. By the process already described 
(p. 252) in which the muscle, with a minimum of manipulation or 
cutting, was ground with sand immediately upon its admission to strong 
(96°/,) alcohol, we have uniformly found the subsequent estimations of 
zinc lactate to lie between the limits of 03—045°/,. To minimise the 


effect of the stimulation of crushing, as well as for another reason soon 


to be explained, the alcohol was always used cold, and the average 
figure for the lactic acid yield of resting muscle, obtained after this 
was adopted as the routine, lies between ‘02 °/, and 035°/,. But with 
cooled muscle and ice-cold alcohol, and after scrupulous care in the 
avoidance of unnecessary cutting and handling during the dissection we 
have never obtained a negative estimation—our lowest figures have not 
been below ‘02°/, for resting muscle. | 
We think that, of this low resting minimum 02°/, (015 °%/, lactic 
acid),—greatly lower as it is than the result of any previous estima- 
tions—part at least is due to the unavoidable minimum of mechanical 
manipulation. We may at all events regard the lactic acid yield of a 
freshly excised muscle, which has been under normal oxidative conditions 
up to the time of excision, as lying close to zero. , | 
_ From this point onwards, as time passes from excision, we shall show 
that the lactic acid yield spontaneously increases. But before pro- 
ceeding to this, it is necessary to examine the effects upon resting 
muscle of the various manipulative methods which have been used in 


| 
3 
ue 


Pr: 
4 
x28 
‘5 
oa 
oq 
oy 
“4 
3 
Py 
| 
i 
« 
i 
3 
“4 
¥ 
"Fal, 
> 
“2 


LACTIC ACID IN MUSCLE. 261 


the processes of experiment or estimation by other observers and by 
ourselves. A claim to an accurate estimation of the condition of resting 
and fresh muscle cannot fairly be advanced unless the special actions 
of the necessary technical methods of destruction are taken fully into 
account. 


Traumatic injury: effects of cutting and mincing. 
We have uniformly found that traumatic injury to an irritable 
muscle produces a rapid development of acid. A marked feature of the 
development of acid, and the rise of lactic acid yield, is that it does not 
attain its maximum immediately, though it reaches it rapidly. A given 
cutting injury to the muscle does not produce instantaneously an acid 
_ yield, maximal for that injury, but rather sets up a rapid acid-yielding 
breakdown which at first quickly, and then more slowly, approaches a 
maximum. 

This is shown in the two following experiments, which may be taken 

as typical. 
Exp.[I. (Fig.1, A). October. Ninety pairs of hind limbs were taken at 10.30 a.m. : 


these were kept during the intervals of all manipulations upon thin glass plates over ice. 
The muscles of 80 pairs were “‘anipped” to fine pieces with sharp scissors, upon ice- 


Fig. 1. The course of lactic acid production after severe cutting injury, in an 
atmosphere of hydrogen. 
Dotted line indicates an atmosphere of oxygen. Each point shown on the curves represents 
a separate estimation of lactic acid in an individual set of limb muscles. Ordinates 
are proportionate to grammes of zinc lactate per cent. of net muscle weight. 
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cooled plates. Ten pairs were kept uninjured and cool. The whole chopping occupied 
70 minutes, ‘and as it proceeded the muscle fragments were collected in an ice-packed 
beaker. The chopped muscle was rapidly weighed out into eight lots of 26 grammes weight 
each, and, of these, seven were arranged upon long glass slides. The slides conveying 
each batch were slid into a glass tube, the tube was closed and immersed horizontally in 
a water bath which was maintained throughout the experiment at 15°C. All the tubes 
were now connected in series and a current of hydrogen was passed through all, 
in series. The current began at 1.45 p.m. The current after leaving the tubes was 


passed through a test bottle containing unmixed pyrogallol and soda. After 70 minutes 


these were mixed by shaking and no colouration occurred, This test of the angrobic 
condition of the experiment was repeated at intervals and was negative throughout the 
passage of the hydrogen current. 

At 1.45 p.m. ten uninjured pairs of limbs were extracted for estimation, and also the 
batch of cut muscle which was not placed in the tubes. At the times indicated below, one 
tube after another was removed from the series without disturbing (except momentarily) 
the hydrogen current, and the muscle fragments contained in it were treated for estimation. 
To one tube in the series, an oxygen current was supplied at a later time in place of 
hydrogen. The estimation gave the following results, plotted graphically in Fig. 1, A, and 


Undamaged resting limb muscles (weight gms.) ... 

Batches of cut muscle: 
(a) Estimated directly 
(d) »» after 1 hour in hydrogen current 331* 
(e) » hours in hydrogen current “47* 
(4) 99 53 ” ” 
(e) » §8 515 
(g) 39 202 99 540 
(h) ” 8 ” ” ” ) +546 

followed by 123 hours in oxygen current | 


* Zine oxide determined on products from (b), (c), and (d) combined 83°43°,. 
Theory requires 33°42. 


Exp. II. (Fig. 1,B.) March. Forty pairs of hind limbs taken. General methods as 
in the last experiment. The batches of cut muscle (weighing 24-6 gms, each) were placed 
upon glass shelves within closed chambers for exposure to hydrogen (or oxygen). The 
chambers were maintained throughout at 10°C. The results (see Fig. 1, B) were: 


After 33 hours in hydrogen 049 
Batches of cut muscle: 
(a) Estimated directly . “150 


In Fig. 1, in both figures, A and B, it has been convenient to take 
the zero abscissa as representing the time of completion of the cutting, 
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and of the beginning of the anwrobic condition: the curves—apart from 
the accounts just given—indicate, wrongly, that the first and largest 
rise of acid yield which occurred during the process of cutting, is an 
immediate rise. It is not an immediate, though it is a rapid rise: in 
Exp. I. it extended over 70 minutes, in Exp. IJ. it occupied 50 minutes. 
It would be difficult to express it otherwise in the figure because the 
amount of rise effected during the whole time of cutting is widely 
unequal in different batches of muscle, being greater in those chopped 
early than in those chopped late. To attain similarity of condition in 
the batches as finally made up and enclosed in the tubes, the chopped 
material was in all cases “shuffled.” The success of this shuffling is 
indicated, we think, by the general smoothness of the results and more 
pointedly by the close equivalence of the duplicate observations quoted 


Exp. I. The remarkable effect of chopping per se upon the normal 


survival production of lactic acid will be fully realised when the curves 
of Part III. are compared with those of this section. 

The practical bearing of these results upon the technical methods of 
extraction is clear. The acid increase due to injury is rapid but not 
instantaneous; it does not reach an immediate maximum. In treating 


- muscle then for the extraction and estimation of lactic acid there must 


be no delay between injury and the quick killing of the muscle, and the 


temperature should be low. Each piece as it is injured should be 


devitalised. In our routine method (see p. 252) we have immediately 
crushed and ground with sand under ice-cold alcohol each fragment of 
muscle as it has been removed from the limb, and the limb itself has 
always been kept below 2—6°C. wherever that has been possible. 
It is possible—we think probable—that the complete disintegration 
due to grinding with sand is a condition in which the acid rise which 
follows severe but incomplete injury, does not occur. In any case the 
simultaneous devitalising by alcohol does not allow a rise of acid yield 
to proceed. In not a few published estimations, where the muscle has 
waited for some time at room temperature before killing, it is clear that 
the resultant figures for “fresh” muscle by no means represent that 
condition. 

It is shown in the two experiments just given that the maintenance 
of anzerobic condition does not affect the changes set up by injury. The 
high lactic acid yield reached in A is not reduced by nearly 13 hours in 
oxygen, and the earlier stage of increase in B is not checked during 
8 hours in oxygen, The significance of this will be discussed and more 
fully illustrated in Part V. (see p. 288). 
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+ Our analysis of this had its beginning in an attempt, by the 
avoidance of all inj ury during the irritable periods, to obtain a still 
lower resting minimum of lactic acid than that given already. One 
set of frog’s legs after having been skinned and handled with 
scrupulous care, was immersed in strong alcohol and left for 24 
hours for the completion of fixation and the loss of irritability. It 
was expected that these would subsequently show a smaller acid per- 
centage than another control set which followed the usual routine and 
suffered the inevitable mechanical stimulation before the alcohol had 
killed. But the muscles which were immersed whole, showed, on the 
contrary, not less lactic acid but actually seven or aignt t times more than 
the cooled set treated as usual. 


Exr, III. March, Two sets of ten limb-pairs each. Room temperature 15°0. Set (a) 
estimated immediately by routine method (but with alcohol used at 15°C.): yielded 
054 gms, °/,. 

Bet (0). hom Nene except the muscles to be used, as in ordinary 
cases, for estimation. All damage to these was scrupulously avoided. The limbs were then 
immersed and left undisturbed in a dish of 95°/, alcohol at 15°C. After 13 hours the 
firmly hardened muscles were cut and ground as usual. The alcohol of immersion was 
‘added to the extracting alcohol for evaporation. Set (b) yielded -402 gms, °/,. | 

If a comparison be made between: this astonishing effect of simple 
alcohol immersion and the effects of other destructive and stimulating 
agencies, it will be seen that the alcohol effect, after an hour, may 
outstrip the results of the severest electrical stimulation, and in 2} 
hours if may reach a maximum as high as that attained by heat nigor 
(see later sections). 

This special alcohol effect is reduced or abolished as the temperature 


Sinks, Details are given in Appendix I, p. 303, of an experiment of 
which the results show that: 


Resting muscle, extracted as usual (but without ice) yields -046°/, 
Muscle resting in alcohol 90 minutes at 15°C. =, ‘258%, 

abi—3°C. ,, 059%, 


Since the alcohol effect is abolished at low temperature, we have 
used ice-cold alcohol always in our routine method. Nor is the effect 
found to any important extent if the muscle be crushed immediately 
upon its admission to alcohol: the increased — of acid is found only 
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when moderately large pieces of muscle and especially intact muscles are 
allowed to remain in the alcohol undisturbed. 

It is quite certain that when even: moderately small pieces of a 
muscle are immersed in strong alcohol they are not immediately killed, 
or even killed with a rapidity approaching that of the killing by boiling 

water. If the gastrocnemius of a frog be immersed in 96°/, alcohol for 
20 minutes—a time at the end of which the muscle appears super- 
ficially to be firmly coagulated—it i is found on cutting open the muscle 
that its inner ;core is still irritable, and that it responds to an induced 
shock by a characteristic slow spastic contraction. 

It ig possible that the superficial layers of muscle, rapidly coagulated, 
prevent the access of strong alcohol to the inner layers. The alcohol 
reaching the interior must be more dilute, for the diffusion both of 
alcohol into, and of water out of, the muscle will be delayed by the 
superficial film of coagulation—and this dilute alcohol may exercise 
a stimulative effect on the inner core as this slowly loses its irritability. 
That is to say, this slow action of alcohol upon an uninjured muscle may 
be supposed to bear the same relation to its quick action upon muscle 
crushed within it, as the slow process of heat rigor and their results, 
bear to the quick killing of boiling water and its fixing effect. 

The slow spastic contraction of the inner core of muscle is similar to 
that seen in frog’s muscle partially dried by exposure to the air, and it 

¢ is possible that the stimulant action of alcohol is due to dehydration. 

@ The stimulation of the interior of the muscle, however caused, goes on, 

4 it should be noted, under anzrobic conditions, and, as will appear later, 

Bs those conditions would notably encourage the resulting yield of acid. 
The nature of this alcohol stimulation is being further investigated. 

Meanwhile it must be clear that its existence, and the magnitude of its 

| effects, are enough to throw grave doubts upon all results of lactic acid 

4 estimation obtained by the use of alcohol, where this phenomenon has 

not been taken into account. 


Chloroform rigor. 

; Incidentally, the effects of another destructively stimulating agent, 
; chloroform, may be introduced here. It has been shown that chloroform 
; vapour, even in small doses, accelerates those survival processes in a 
muscle which lead to CO, formation. The yield of CO, from an excised 
frog’s muscle is largely increased by the action of chloroform’, and the 
onset of rigor is hastened. 

1 Fletcher, This Journal, xxim, p. 50. 1898-9. 
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We find that chloroform vapour similarly accelerates the formation of 
lactic acid. By the use of it, a maximal yield of lactic acid may quickly . 
and conveniently be obtained. One experiment may be | 
details see Appendix p. 306):+ 


"At room temperature 20°C., resting muscle extracted direct 
” ” ” » muscle after 4 hours’ exposure to chloro- ; 

| ‘form vapour... 

” ” » musele after 11 hours’ exposure to chloro- 
‘ ; form vapour... 445 °/, 


: Zine oxide determined on lactate weighed =83-41°),. 


Heat rigor. 

Ronke showed that heat rigor, which is produced rapidly in frog’s 
muscle at temperatures just below 40°C., and almost instantaneously at 
40° and for a wide temperature range above, is associated with pronounced 
lactic acid development. Ranke speaks of a “satirebildungsmaximum” 
to be attained in this way. 

Our results confirm this: we find that an “acid maximum” is reached 
on heat rigor effected at or near 40°C., and this maximum is approxi- 
mately on the same level with that produced in chloroform rigor, or in 
the “slow death” by alcohol. The infliction of heat rigor is a convenient 
method for determining the maximum potentiality of a muscle for acid 
production at any time and we have so used it in several experiments 
to be described later. Selecting observations made in other connections 
and at different times of the year, we find that they fall into two groups 
according to the season, thus giving only one for each of six months, 


April ye 815 

November “51 
December 52 


whilst we have always found a surprising constancy in the value for the 
acidity of heat rigor when duplicate determinations have been made 
upon frogs caught under similar conditions (see, for instance, p. 292), we 
have constantly found a higher acid maximum for the muscles of 
autumn frogs than for those of frogs caught in the spring. 
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Previous fatigue, when the fatigue has been produced after excision 
in the absence of circulation, does not appear to affect the “acid 
maximum” of muscle, as determined after heat rigor. This is illustrated 
in an experiment quoted in another connection on page 292. | 


Heat coagulation at 100°C. 

Apart from other considerations, the result of the treatment of 
muscle by boiling water is of special interest. because of the abundant 
use in the past of boiling water as a means of extraction from muscle 
for lactic acid estimation. We have already referred to this in noticing 
(p. 259) the strictures passed by Heffter upon Boehm’s results and — 
upon his use of boiling water, and we have seen that those who have 
used boiling water have in general obtained lower, and therefore more 
accurate figures for the acid yield of resting muscle, than those who have 
unguardedly used alcohol. 

We find that a muscle killed and coagulated by immersion in 
boiling water yields always less lactic acid than a corresponding 
muscle which is brought less rapidly through the stages ending in 1 loss 
of irritability, 

Thus in the experiment of which details are given. at page 303, where 
the resting muscle yields 046°/, zinc lactate, a similar set of muscles 
killed quickly in boiling water yield °081°/,. | 

In the experiment given at page 293, five sets of muscles, after various 
treatments are brought to heat rigor at 45°C., give respectively values 
of °502, 516, °511°/, Two similar sets, plunged into boiling 
water yield only ‘111 and ‘135°/, respectively. 

It has been said above that the use of boiling water for killing and 
extraction is likely to give more accurate values in lactic acid estimation 
than the incautious use of alcohol. It will. be obvious however that the 
use of boiling water is not likely to give constant values, and it must 
always give values which are too high. The acid yield of heat rigor 
must be considered as beginning at many points within a muscle-mass 
after the immersion of the whole in boiling water, before the higher 
temperature has reached every part: and the stage at which heat rigor 
is exchanged for heat coagulation cannot be expected to be constant 
even on the average except within wide limits. _ | 
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THe SPONTANEOUS SURVIVAL PRODUCTION OF LACTIC ACID. 


‘It is remarkable that in ‘support of his concise statement that “acid 
formation in muscle entering death rigor is a function of the time: in 
equal times, under otherwise the same conditions, in equivalent muscles 
of the same animal, are formed equal quantities of acid,” Ranke’ gives 
little or no evidence. He does not quote the results of successive 
estimations made at intervals during survival from excision onwards; 
he establishes the “law” just quoted, upon the results of only one 
relevant experiment, and this is one in which a comparison is made 
only between already clotted rabbit's muscle yielding “15°/, acid 25 
hours after death, with that yielding "2"/, at the end of 40 hours. 

A generation later Landsberger’, in almost identical words, again 

announced Ranke’s conclusion as to the time relations of survival acid 
production, but it is very doubtful whether his methods can be admitted 
to justify his opinion. Taking equal (small) weights of muscle, 
immersed in salt solution, he found that nearly equal amounts of 
alkali. must be added in equal time intervals after excision, on titration 
of the immersing salt solution, to give neutrality to phenolphthalein. 
Using 3 grammes of muscle at a time, only ‘2—‘5 c.c., or even less of the 
alkaline solution, was required for each titration, so that the highest 
significant digit of his results is a tenth of a cubic centimetre of alkali. 
The titration, again, of the immersing solution only indirectly, through 
an undetermined factor of diffusion, represented the condition of the 
muscle. Lastly the muscle fragments which were studied had suffered 
injury, and, as we have shown, an injured muscle mass does not. behave 
like uninjured muscle: the development of acid within it is an 
exponential and not a linear function of the time, and Landsberger’ 8 
method should properly, we think, have appeared to give evidence 
against Ranke. 
_ We have seen already that the views taken by subsequent observers : 
as to the occurrence of a survival production of lactic acid. have a 
depended in the main upon the view taken by each of the lactic acid ae 
yield for “ fresh” muscle,—for all are clotted muscle gives 
a substantial yield. ca 


ayy 


1 loc, cit. p. 148. A comparison between the many sccurate pronouncements of 
Ranke in this chapter, and the experiments which are quoted as their basis, will provide 
the student with one of the greatest curiosities of physiological literature. 

* Landsberger, Pfliiger’s Archiv. t. p. 339. 1891. 
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- In the excised muscle of the frog, kept at room temperature in the 
air, we find that the survival production of lactic acid is extremely slow: 
in the example given in Fig. 2 (see Appendix, Exp. VIIL. page 302), the 
yield at the end of 24 hours (13°C.) is little above that of fresh resting 
muscle, This is in accordance with the familiar fact that the 
physiological condition of excised resting frog’s muscle, kept in air, 
hardly varies throughout the first day at low room — and 
under proper conditions of moisture, — 


10 
= 
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ours 10 20 
Fig. 2. The course of lactic acid production occurring during survival periods in 
oxygen, air, hydrogen, and coal gas (CO) respectively. 
The two uppermost curves are introduced for comparison. That for chopped muscle 
is repeated from Fig. 1 ; that tor sleobol tmmenion ts based on the resalte given 
at p. 264, 


That the maintenance of the “fresh” condition is due to a compromise 
effected between two opposing influences, one of them being the 
presence of available oxygen, is suggested at once by the results of 
parallel estimation of a control set of muscles (Fig. 2) observed at the 
same time intervals and the same temperature, but in an atmosphere of 
oxygen. In this case the acid yield is not only not increased, but is 
reduced, until, at 24 hours from excision, the yield is hardly one third of 
that for the equivalent muscles in air. 

In Fig. 2 are also shown two other estimations made in the same 
experiment, using equivalent sets of muscle (see Exp. VIII.). One set, 
for comparison with the sets in air and oxygen respectively and at the 


same temperature, was kept in an atmosphere of coal gas: after 5 hours — 
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this:set gave a yield four times as great as those under wrobic conditions, 
and showed at the same time well advanced stiffness and loss of ir- 

. ritability. The remaining set, in this particular experiment, was forced 
to heat rigor at 42°C., and gave a yield of °4°/,— illustrating the acid 
“maximum” of acid yield, potential in the other sets. : 

' The rapid increase of acid yield induced by the atmnouphire: of coal 
gas in this experiment suggests a direct toxic effect, over and above the 
effects of the anwrobic condition by itself. This complication need not 
now be discussed; in illustration of the simpler case where anzrobic 
conditions are otherwise neutral, estimations are also shown at Fig. 2 
(see also Exp. VIII.) of the survival increase of acid yield at room 
‘ temperature (16° C.) in an atmosphere of hydrogen; here it is seen that 
the rise of yield begins in the first period after excision of the muscle 
and proceeds steadily, the spontaneous production of lactic acid 
appearing here to be a simple linear function of the time, as Ranke 
originally suggested. 

It is apparent then that in a muscle exposed during survival 
to oxygen, the yield of acid which would be spontaneous and progressive 
in the absence of oxygen, is not exhibited—either because the spon- 
taneous development is checked or diverted, or because the acid is 
removed as fast, or indeed faster, than it is found. In Part V. we 
shall attempt to analyse this oxidative control of the acid yield, and 
here deal only with the spontaneous survival yield of lactic acid 
under strictly ansrobic conditions. Atmospheric air, it will be enough 
now to say, is shown in all our experiments to behave as a weak neutral 
solution. of oxygen. 


\ 
The spontaneous anerobic production of lactic acid. 

We have chiefly used for the study of the anerobic production, 
atmospheres of hydrogen. For variation in experimental condition we 
have also used nitrogen; both gases give identical results and we 
cannot find in the use of either, any evidence of direct action upon the 
muscle. Each in this relation appears to be strictly a neutral gas and — 
to owe its effects to the negative cause only, the absence of oxygen. 
The results of all the experiments show, in sum, that under strictly 
anerobic conditions there occurs in Amphibian muscle from excision 
onwards a steady spontaneous increase of lactic acid yield; in this 
respect the muscle differs widely for many hours after excision from 
a muscle kept in air, and still more widely from one kept in oxygen. 
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It appeared to be of special interest not only to establish the fact of this spontaneous 
increase but to follow ite course.in detail as closely as possible by means of successive 
estimations, and so to determine the nature of the curve representing the course of 
increase. Limits other than those of time and patience are set to the numbers of 
successive estimations which can be undertaken. The limbs of ten frogs are needed for 
each estimation, and 100 frogs will therefore be necessary if ten points upon the survival 
curve are to be determined. For equivalence of individual estimations careful shuffling 
and weighing of the several batches, each of ten, are necessary as a preliminary. We 
have not attempted to determine by estimations more than ten points on the curve on 


- gecount of disturbances which would be introduced by any increase of the manipulations 


at the beginning and their attendant delay. Estimations of from 7—10 points during the 
survival history are enough however to give, we hope to show, a clear indication of the 
course of events. | 

For each set of estimations it is of prime importance that the temperature with all 
other factors, should remain constant throughout. In obtaining the survival curves given 
in Fig. 3, we have used special methods, very simple in kind. 

For a given series, the limbs were weighed and shuffled into nearly equivalent sets of 
ten each (as described on page 256), being kept cold throughout the manipulations. The 
skinned limbs of each set were looped at intervals along a thread, like the papers in a 
kite’s tail—the loop passing round the metacarpal bones without any injary to the muscles 
subsequently to be used in estimation. Each such chain of ten limbs was drawn into a 
glass tube, three inches in diameter, and all the glass tubes were fixed vertically in a 
special frame somethiag like an umbrella-stand. The tubes were closed top and bottom 
with corks and the whole series connected up so that a current of gas could be passed 
along from one tube to another, and so through all. The frame, with the tubes in position, 
was lowered into a large wooden cask filled with water at a desired temperature, so that 
every tube was wholly immersed. The arrangements for fixing the tubes to the frame 
were such that while each tube was held firmly in place, and its buoyancy in the watcr 
successfully resisted, any one tube could be removed from the series at any time without 
disturbing the rest, and without interrupting the gas current passing through all. To each 


* tube moistening arrangements were introduced, and in each the chain of limbs hung freely, 


exposed on all sides to the current. At the beginning the current of hydrogen or nitrogen 
was supplied in abundance for washing out atmospheric oxygen from the tubes and from 
the muscles. It was found convenient to supply a special preliminary ansrobic current to 
each four or five tubes, to give more rapid clearance, The progress of oxygen removal was 
tested by pyrogallate bottles in circuit. When it was complete, or very nearly so, the 
hydrogen or nitrogen current was economised, and maintained at a slow rate through the 
whole period of observation, night and day. At intervals the maintenance of the anzrobic 
condition was tested by fresh pyrogallate bottles. 

_ In view of the high degree of susceptibility shown by the acid-yielding functions of the 
muscle, to injury of any kind and to temperature changes, we think that our method has 
been as successful as we could hope. The consistency of the results illustrated in Fig. 3, 
gives us some confidence that they approach the truth, and since each point shown there 
upon the curves is the result of a gravimetric estimation of zinc lactate derived by lengthy 
processes of extraction and preparation, the irregularities which appear must be put down 
at least as much to our faults in estimation as to failure of experimental treatment. 

Apart from general convenience there is a necessity for the use of a separate tube or 
chamber for each set of muscles, which we overlooked at first. It is essential to the 
uninterrupted course of the lactic acid production that not even a momentary break 
should be made in the anwrobic conditions, The admission of atmospheric oxygen when 
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a chamber or tube common to two sets of muscles is opened for the extraction of one, even 
though the anwrobic state is rapidly reestablished, is fatal to smooth results—as we found 
to our heavy cost in several long experiments. We have evidence that, after a period of 
deprivation, a supply of oxygen, small in amount and lasting perhaps only a few minutes, | 
markedly and disproportionately diminishes the lactic acid yield; this seems to us to have 
special significance, and we propose to analyse it further. . 

Accidental oxygen contamination occurring at every other period of estimation (when, — 
¢.g-, two muscle sets are in each chamber, and one is left when the other is taken) is 
marked upon the graphic record of lactate values as a series of steps. 


30 
Fig. 8. The course of lactic acid production under anwrobic conditions 
at different temperatures. 

x marks approximately the points in time at which excitability was finally lost. One of 
the curves at 18°5° C. was obtained using an atmosphere of nitrogen; hydrogen was 
used for the rest. The temperature relationships here shown must not be considered 
apart from the question of nutritive conditions discussed on p. 276. 


The results of five typical experiments, whose details are given in 
full on p. 306 e seq., are plotted graphically in Figs. 3 and 4. All alike 
represent the course of survival change in anwrobic conditions, at 
various temperatures. Of the curves in Fig. 3 which were both 
obtained at the temperature 18:5°C. in one hydrogen, and in the other 

_bitrogen, was used to replace the air. The approach to identity is 
_ striking and is especially so in the cases actually given here, since the 
former was obtained by one of us working alone throughout, and the 
latter at another time by the other of us, again independently. 

Taking any one of these curves, it will be seen that for the first 
15 hours or more at ordinary room temperatures, and for periods which 
become longer with lowered temperature, the rising line representing — 
the survival increase in acid yield is nearly a straight line: within 
these earlier periods after excision the production of acid is a simple 
linear function of the time. In each case however the increase of acid 
yield ceases at a certain level and ceases abruptly. Thenceforward the 
yield shown by subsequent estimations remains nearly comiinatt, or 
shows weg a very slight gain with time. 
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On reference to the figures, and the protocols on which they are 
based, it will be seen at once that the period of acid development 
corresponds with the period after excision during which irritability 
persists. Irritability and the power of spontaneous acid formation are 
coincident functions of the surviving muscle. If the final loss of 
irritability be the true mark of molecular death, then it is only living 
muscle, or muscle in the act of dying, which has the power of 
spontaneous acid production: the lactic acid content of dead muscle, 
+.e. muscle which has finally lost irritability, remains nearly constant. 


x 
1 

Hours 24 4s 72 96 


Fig. 4. The course of lactic acid production in an atmosphere of hydrogen at 12° 0. 
This shows the whole curve of which the beginning is given in the lower part of Fig. 3. 

It is drawn here upon a very much shortened abscissal scale. The two upper curves 

are introduced (from Fig. 8) for comparison. Protocols at Exp. XII, p. 804. 

This is in accord with the dictum of Salkowski that “the muscle 
produces lactic acid not because it is dying but because it is living, and 
it produces it only so long as it lives'.” This statement was based upon 
experimental results obtained on lines quite different from our own. 
Salkowski found, as is well known, that ground up muscle placed 
under chloroform-water produced little or no ether-soluble acid during 
the progress of its post mortem autolytic changes. That the rapid effect 
of chloroform upon the disintegrated fibres should arrest all further_lactic 
acid production is quite in accordance with our own results, but we 


' Salkowski, Zeitsch. f, Klin. Med. xvu. (Suppl. Band), 97. (1890). 
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find it difficult to understand why no lactic acid at all was found after 
the muscles were chopped up. The author speaks of his material as 


being “miglichst schnell zerhackt” and it was either at once sterilised —_ 


for control experiments, or immediately transferred to the chloroform- 
water for the study of.autolysis. The quantity of acid formed might 
therefore well be small, but that none should be present is a 
circumstance contrary to our own experience. Magnus-Levy', who 
found (in the case of liver tissue) that lactic acid increased during 
aseptic, and to a less degree during antiseptic autolysis, suggested that 
Salkowski’s negative results were due to the shortness of the period 
for autolysis allowed by the latter. We doubt if this explanation could 
hold in the case of muscle, and believe that, even though the liver was 
concerned, the production probably occurred in the earliest stages of 
Magnus-Levy’s experiments and was a survival product rather than 
- @ post mortem autolytic product. Acid production in muscle is not 
confined to the period immediately related to the onset of rigor, nor 


to any other critical period in the survival history. It begins from — 


the moment of excision and does not cease till the muscle fibre has lost 
its physiological characteristic of contracting in response to stimulation. 

It cannot be claimed that the significance of all the details of the 
curves obtained by us is yet clear; but, as we have said, two funda- 


mental characters seem to point to definite conclusions. These are the 


absence of exponential characters in the main course of the curve, 
and the establishment of a plateau on the disappearance of irritability. 


The acid production of declining irritability. 

_ Our experimental results lead us to agree with Ranke, that during 
the earlier, and, by far, the longer, period of survival life, equal amounts 
of acid are produced in equal times. _We have pointed out however, 
that Ranke did not estimate the acid yield of irritable muscle, but 
reached his conclusion intuitively. Most of the curves plotted in Figs. 
3 and 4 only approximate, we are conscious, to actual straight. lines. 
That at 12° exhibits this character with remarkable exactness however; 
those at 18° offer conclusive evidence of a production essentially 
linear ; that at 21° is rather less definite, but is clearly not an expo- 
nential curve. The greater instability at higher temperatures and the 
consequent greater effect of manipulations without doubt militate 
against accuracy. Some disturbances were to be expected as the 


+ Magnus-Levy, Hofmeister’s Beitriige u. p. 283. 1902. 
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result of the idiosyncrasy of individual frogs. For each estimation ten 
pairs of limbs were used (as in all the experiments described in this 
paper) and this number is certainly not large enough to give complete 
smoothing of results by averages. But, as was pointed out in the 
discussion on methods (p. 256), our use, in any one experiment, of frogs 
caught immediately before under exactly similar natural conditions, 
and our method of shuffling the limbs into sets of nearly equal weight, 
serve practically to eliminate the variations of idiosyncrasy. The use of 
ten limb-pairs for individual estimations was sufficient for necessary 
accuracy, as all the work described in this paper seems to indicate. To 
employ more than an efficient minimum was undesirable, as leading to 
undue delay at the preliminary stages of an experiment. The data 
obtained seem to us to offer evidence which is convincing, 

The fact that the curve of acid formation is approximately a straight 
line and is possessed, apparently, of no exponential character is certainly 
of no small significance. We may recall, in connection with it, the 
steady production of carbon dioxide—proportionate to the time— 
which has already been shown to occur in suryiving muscle subsequently 
to the fifth or sixth hour after excision’. Linear rates of change have 
been found—as is well known—under quite special conditions, in 


‘reactions catalysed by enzymes; and explanations, more or less 


adequate, have. been supplied for these cases, It would be premature to 
decide whether explanations of a similar kind have any bearing upon 
phenomena in an intact tissue. Conceivably the store of precursor in 
the muscle is partly in an insoluble form, and partly in solution. If 
change occurs only in the latter, the concentration might be kept 
constant by replacement from the insoluble store, and, for a period, 
conditions would exist for a linear rate of change. The explanation is 
probably less simple than this, and it is interesting, in any case, to 
observe how in the quiescent unstimulated muscle the survival processes 
which lead to lactic acid production are so controlled as to lose the ex- 
ponential character of an isolated chemical reaction. é 

It is; moreover, especially interestiig to compare the rate of eae 
as it occurs ih the intact unstimulated structure with that induced by 
partial disintegration. In this connection the curve of Fig. 1 should be 
compared with those of Figs. 3 and4. 

The velocity of formation, at first greatly accelerated, and later 
rapidly diminishing, which, after disintegration, takes the place of the 
slower linear velocity in the intact muscle, might be expected as the 

Fletcher, This Journal, p. 10, 1898—9, 
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effect of a strong stimulus acting temporarily. If instead of explaining 
the matter in terms of a stimulation effect, we conveive of the change 
in the steepness and form of the curve, which results from chopping, as 
due to the liberation of ferment activities, which in the intact archi- 
tecture of a muscle fibre are in some way controlled—perhaps by 
localisation—we may be —e terms only, without modifying their 
real significance. 

Attention may here be dishoted to a point with some practical 
_ bearings. Autolysis of tissues is markedly accelerated by increased 

acidity (Schryver, Hedin et al.).. Since chopping an organ, to judge 

from the case of muscle, is followed by greatly accelerated acid pro- 
duction, it is clear that a preliminary disintegration will, from this 
circumstance alone, materially affect the initial rate of autolysis. 

Remembering the effect of acidity, the facts of a later section (V.) 
will be found to have also a bearing upon the legitimacy of applying 
the results of autolytic studies to the behaviour of intact tissues, duly 
ape with oxygen. 


The second characteristic of the anzrobic survival curves which 
appears to give indications of a definite kind is the establishment of 
a plateau, pointing to.a cessation of production, whenever loss of 
irritability occurs. Although such loss of irritability does not usually— 
under anerobic conditions—long precede the onset of obvious rigor, it 
is not necessarily coincident with it. Our results indicate that the 
spontaneous production of lactic acid in a muscle left undisturbed at 
constant temperature may cease while the fibres are still soft and 
translucent, if such a muscle has ceased to be irritable. Rigor may 
then be established later, without an increase in lactic acid which can 
be estimated. 

While, then, it seems entirely clear that the survival production of 
‘lactic acid, after proceeding for long periods at a rate proportional to 
the time, comes abruptly to an end under the conditions just discussed, 
there is, on the other hand, much obscurity regarding the factors which 
control the concluding steps of the whole process, and determine (under 
given conditions) the final quantity of acid formed. 

This final maximum of acidity, spontaneously reached, is probably 
chiefly dependent upon the initial nutritive condition of the muscles, 
and strict comparisons can only be made with frogs caught at the same 
time of year, and obtained under conditions as nearly as possible similar. 
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; . As regards the curves of Fig. 3 we have no doubt that those at 18° 
: (obtained during August), that at 21° (late July), and, perhaps to a less 
degree, that at 16° (May) are really comparable. These were among 
the first curves obtained by us, and from them it seemed clear that the 
height of the final plateau, no less than the velocity of production, was 
some simple function of the temperature, But the curve at 12° (Figs. 
3 and!.4), given by frogs caught in the autumn (October), while 
exhibiting in a most striking manner a linear velocity of production for 
the first 60. hours, seemed to introduce two new features—the final 
plateau being higher than. those attained at the higher temperatures 
studied, and this high maximum being reached by a ar acceleration 
during the final 12 hours of irritability. ; 


In an attempt to obtain the data for plotting a curve at any given temperature it is not 
easy to choose in advance right intervals for estimations which shall bear upon a critical 
part of the curve, such as that which immediately precedes rigor, and is associated with 
the period comprising the final loss of irritability. Our apparatus did not permit of a test 
of irritability being made within the tubes, and a group of irritable muscies once removed 
from the anwrobic chambers, are so affected by exposure to air that even when returned 
to anmrobic conditions their subsequent production of lactic acid is no longer parallel to 
the anwrobic curve. The choice of intervals has therefore to be largely a matter of chance. 
The only other experiments we have made at low temperatures do not include estimations 
80 numerous as to avoid this difficulty, and they do not satisfactorily express that part of 
the curve which more immediately precedes rigor, though they further illustrate the linear 
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production of earlier stages. 
4 Exp, XXV. Muscles in sets of ten limb-pairs; each set in separate chambers. Hydrogen 
passed continuously. Temp. 8°5° throughout. 
: per cent, 24 hours 
After 20 hours os one oe 0-123 } 0-107 
47 ” eee owe tee 0-128 
»  (tauscles still just irritable) ... 0866 
» 105 Full rigor ive 0660 
Separate set kept for 24 hours at 18°. Pull rigor ..  0°660 0°550 
: same; on the next, and on the subsequent day, there was evidence of acceleration. The 


F intervals between the estimations were, however, too long to indicate when, exactly, this 
acceleration began, and the final determination was made at an unknown interval after the 
establishment of rigor. 

An incomplete study of lactic acid production was made at 0°, on frogs similar to the 
last mentioned. The rise was apparently slow, and fairly steady, for 96 hours after 
excision, while what was probably a more rapid subsequent increase led to a high final 
maximum. 

The occurrence of a positive acceleration before the attainment of the maximum was 
however in this experiment uncertain, because the series was too short. Rigor was fully 


a ey 
vq 
| 
¥ 
| 
‘4 
| 
| 
¢ 
Py 
4 


278 W. M. FLETCHER AND F. G. HOPKINS. 


established wlien the final estimation was made, but it was not observed at what actual 
| period during the final 48 hours rigor first occurred. If acid production was in progress 


till near the hour of the last estimation, the velocity was approximately linear throughout, 


Exp. XXVI. Limbs in Erlenmeyer’s flasks standing in ice. 
— Estimations made, as usual, on sets of ten limb-pairs, 


Zinc lactate Increase per 


per cent. 48 hours 
Immediately after excision 0-146 
After 48 hours (muscles eppatentiy 
-,, 96 ,, (muscles soft and translucent, but 0°133 
respond to faradic stimulation) 0-310 
» 144 ,, museles in full rigor 


Apart from the high maximum of lactic acid attained and the fact that full rigor was 
shown to be ultimately established in spite of the low temperature maintained throughout, 
the results of this last experiment are interesting, because, while the muscles did not respond 
to stimulation after 48 hours exposure to the combined conditions of low temperature and 
lack of oxygen, the formation of lactic acid nevertheless continued. This is so exceptional 
(cf. supra) that it would appear as though the depression of irritability induced by freezing 
an anerobic muscle is something different from that due to fatigue or to the accumulation 
of acid and other products. 

It seems clear that the high maxima found at 12°, ak ind at we, 
least, due to the fact that the experiments were made upon autumn frogs, while the 
survival curves at higher temperatures were plotted from experiments done in spring and 
summer, It is evident from Exp, XXV. that the same ultimate maximum may be reached 
at very different temperatures when the muscles concerned are in similar nutritive con- 
dition. If the maximum yield of lactic acid obtained on exposure to 45° is a measure of 
the potential capacity for acid production in a muscle, we have already seen that our 
experiments give an average maximum for spring frogs of 0°36 °/,, and, for antumn frogs, 
an average of 0-52 °/, zinc lactate. There yet remains for explanation the marked positive 


acceleration seen at the close of the curve at 12°. Some slight indication of a positive — 


acceleration before the plateau is seen in the curve for 21°, and in one of those for 18°, 
while the two experiments at lower temperatures give also indications of hastened 
production at the later stages. It is clear moreover that the exact slope after the last 
estimation made before the plateau in any curve will depend upon the interval next 
chosen, If production of acid has really ceased before the moment of the first estimation 
situated on the plateau, the correct slope would be.in some degree steeper than the 
apparent slope ; it cannot in any case be less steep. Nevertheless, the positive accelera- 
tion which appeared to precede the cessation of production in our experiment at 12°, 
is undoubtedly greater than any seen at higher temperatures. If the experimental result 
be not accidental it lacks explanation, | 


Such evidence as is already available indicates that the survival 
history of mammalian muscle is strictly comparable with that of 


amphibian muscle, though the time-relations are very different. 


Osborne’ has said that “the post mortem formation of lactic acid in 
mammalian muscle is not confined to the period of rigor but starts 


* Proc. Phys. Soc, p. xlix. 1901. (This Journal, vol. xxv1.) 
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upon the stores of the acid yielding substance, since, as he showed, the 


- Helmholtz, studied tetanus with intact circulation and himself admits 


accounted for by removal by way of the blood. The similar con- 
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immediately on cessation of the circulation” while von Firth? shows 
that “the post mortem acid increase in mammalian muscle only changes 

within narrow limits.” Osborne is dealing here with the period of 

declining irritability and rising acid yield (a survival and not strictly 

a post mortem period); von Fiirth is speaking of the later periods in 

which death has come and rigor is established. The constancy of acid 
yield in a muscle which has attained to this later stage is accountable 

for many of the observations already referred to, in which no difference 

of acid yield was found in “fresh” mammalian muscle and stiff—both 

in reality, owing to experimental method or delay, having alike reached 

the high plateau of acid yield. 


IV, THE LACTIC ACID OF FATIGUE. . 


The early observations of du Bois Reymond and later of Heiden- 
hain which showed an acid reaction to be the accompaniment of 
contraction in excised muscle, have been opposed by several later 
observers—but many of the discrepancies in the — allow of simple 
explanations. | 

Ranke’ argued that tetanus of a muscle, previous to excision, drew 


yield of acid due to heat rigor following fatigue within the body was 
diminished; and there is abundant evidence that in the living animal 
the acid products of contraction are rapidly removed from the muscle. 
Astaschewsky*, who is often quoted as opposing Heidenhain and 


that the diminished acid yield he obtained from the tetanised muscle is 


temporary results of Warren‘ can in part be explained in the same 
way. 

Apart from this simple misunderstanding about the circulation, 
other results in which fresh resting muscle has yielded nearly as much 
acid as the fatigued can be explained by faults of method already noticed, 
which lead to unduly high estimates of the acid yield of “resting” 
muscle, 

We have not yet made a special study of the phenomena of fatigue 
but we have had occasion in the course of the work to be described in 


1 Hofmeister. Beitrage. mt._p. 543. 1903. 
loc cit. p. 151. p- 897. 1880. 
* Phiiger’s Archiv, xx1v. p. 891. 1881. 
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the next part, to make determinations of the lactic acid content of 
fatigued muscles, and the results we may briefly notice here. They are 
in complete accordance with those of Marcuse’ who finds, on the 
average, a three-fold increase of lactic acid percentage as a result of 
stimulating to fatigue the excised muscles of the frog. The figures he 
gives for the zinc lactate of resting muscle is, on an average, ‘076°/, : 
that for the tetanised muscle ‘229°/,. These approximate closely to the 
relations we have constantly found, though our resting figure is lower. 
Marcuse, we may note, employed the boiling water method. 


In our experiments, the muscles have been fatigued in general by direct faradisation. 
For this purpose the hind limbs of a number of frogs were removed by high section across 
the pelvic girdle, and connected in series by zinc hooks which linked the metatarsals of 
one pair with those of another. Each set of 10—15 pairs of limbs hanging freely, as a 
chain, from a bar, was put in a secondary circuit and stimulated by the induced 
interrupted current, (two Daniells, secondary coil at 0—5 cm.). In most cases the limbs 
were left unskinned until the end of stimulation, for protection against drying. After 
timulation—generally maintained with short intervals for rest during 14—2 hours—the 
limbs were separated, skinned, thoroughly shuffled with the object‘of eliminating as far as 
possible accidental inequalities of fatigue, and finally made up into sets of ten each, of 
nearly equal weight, as in the routine described earlier. 


Of 16 sets of determinations made in different experiments at 
different times the average percentage yield of zinc lactate for fatigued 
muscle is ‘216. Of these the highest yield’ was °28°/,, the lowest *147°/,, 
and 13 of the determinations lay between the limits ‘18—‘25°/,. 

It has been our object in all these experiments simply to produce 
a well-marked condition of fatigue, and so to obtain an intra-muscular _ 
supply of lactic acid for the purpose of examining its changes under 
subsequent anzerobic or erobic conditions. The results, as they stand, 
abundantly confirm those of Marcuse. Incidentally also they present 
two striking features; first, the low level of the fatigue maximum of 
acid yield, and second, the narrowness of the limits within which the 
different estimations stand. 

In many cases strong stimulation was continued for 2 hours, 
until no further contraction could be elicited from the muscles 
in the chains as connected in series, and only very slight responses on 
the application of strong interrupted shocks to the individual muscles. 
In several cases the middle third of both femur and tibiofibula was 
_ removed (with minimal damage to the muscles) in each leg of every 
pair, so that not only was the induced current transmitted along muscle 
substance only, but the muscle contractions performed greatly more 


Phliiger’s Archiv. xxx1x. p. 425. 1886. 
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work in shortening the whole weighted chain. But in no case did the 
acid yield exceed ‘28°/, and it exceeded ‘25°/, in only one. These 
figures are roughly half those obtainable by chemical irritants, or by 
heat, or by mechanical violence (see p. 261 et seg.): and we must either 
suppose that the sources of lactic acid available for the contraction 
process are distinct from and less than those available for the break- 
down due to violence, chemical or mechanical, or, on the other hand 
that the state of fatigue is inimical to the processes by which, on 
contraction, lactic acid is liberated, and that the lactic acid of fatigue 
stops short, self-impeded, at a relatively low level. 

-. The second point to be noticed is the very close grouping of our 
results within limits. Though the stimulating current used in all the 
cases was the same, yet the details of linkage was different, the 
conditions—season, temperature, the previous exercise and rest of frogs, 
moisture, distribution of stimulus among muscle groups, mode of 
dissection and so on—all varied widely, and the periods of stimulation — 
ranged from one hour only to full two, with various combinations of 
rest intervals. We neither expected nor desired, for our special purposes, 
equal conditions of fatigue in every case: yet the lactic acid yield, 
whether that be a true indicator of fatigue or not, remained strikingly 
constant. It became almost a matter of course to assume that the 
acid yield would be close to ‘21°/,. This close grouping tends to confirm 
the supposition that our average represents something like a fatigue 
maximum—probably easily reached—and that the fatigue maximum is 
not one which is relative simply to our peculiar methods of stimulation, 

_but one which is clearly far below the maximum yields obtainable 
by the extra-physiological methods of heating, injury, and chemical 
damage. 


In one experiment (p. 305) the hind limbs were indirectly 
stimulated by shocks sent to the sciatic plexuses, the muscles being 
unloaded. After 45 minutes only no further response was obtained, 
though of course the muscles remained irritable by direct excitation. 
Estimation of the muscles gave in this case a yield of ‘203 °/,,— 
little below the average for direct and prolonged stimulation. — 
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V. THE OXIDATIVE INTRA-MUSCULAR REMOVAL OF LACTIC ACID. 


It was in the hopes of obtaining evidence either for or against the 
existence of an intra-muscular disposal of lactic acid that in the first 
place we undertook the present work. We need not refer here in detail 
to the evidence which points to the reality of an oxidative’ removal of 
lactic acid in the body subsequent to its passage from the muscles 
way of the circulation. Confining ourselves for the present to t 
only of intra-muscular removal, we may point out that there i 
much indirect evidence that such a removal can be eff 
presence of available oxygen. The coagulative stiffness offrigor mort, 
and the condition of fatigue, are diminished or even removed from an 
excised frog’s muscle in an atmosphere of oxygen’; and both stiffness 
and fatigue are held by many to be marks of the acid products of 
metabolism or contraction within the muscle. Resting and fatigued 
muscles have respectively very different osmotic properties, which must 
probably depend upon the presence or absence of metabolites; here 
again simple exposure to an oxygen atmosphere will restore to a 
fatigued muscle the osmotic properties of the resting*. It seemed in 
view of these facts to be highly probable then that exposure to an 
oxygen atmosphere would diminish the lactic acid yield of a previously 
fatigued and acid muscle. 

At the outset we made a series of preliminary experiments, using 
only a delicate qualitative test for lactic acid which will be described 
separately (see Appendix II.). It was possible by this method to 
obtain results with a small bulk of muscle—a single: pair of limbs, or a 
_ set of four or six gastrocnemii. The outcome showed clearly that the yield 

of lactic acid by a fatigued muscle was diminished after a few hours’ 
exposure to an oxygen atmosphere, when it was compared with a control 
preparation similarly treated but exposed only to air, or to coal gas. In 
some cases indeed—to be noticed again later—a completely negative 
result was obtained when the extremely delicate test for lactic acid was 
applied after the immersion for a few hours in oxygen of a chain of 
fatigued gastrocnemius muscles. : 

We passed at once to the quantitative measurement of this oxidative 
removal of lactic acid, and for this we eventually adopted the standard 

* The word oxidative, as it is used throughout this paper, does not stand for any 
specific chemical process, but is equivalent simply to ‘‘through the agency of oxygen.” 

* Fletcher, This Journal, xxv. p. 474. 1902. 

* Fletcher, This Journal, xxx. p. 414, 1904. 
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process of zinc lactate estimation, modified and used as we have indicated 
already. In all the examples to be given, the hind limbs were used in 
sets of ten each, and these were fatigued in series (see p. 280) immediately 
after excision, then rapidly shuffled and rearranged into fresh com- 
binations of ten, each set having a nearly similar weight and containing 
therefore a nearly similar constituency of large or small limbs. Each 
set, after the shuffling, contained also, upon the average, an equal 
representation of states of fatigue, accidentally different in the indi- 
vidual limbs. The degree to which we reached equality of condition in 
corresponding sets may be judged by the double control estimations to 
be given below. Here we give the first group of results in demonstration 
of the fact that an actual loss of lactic acid yield is a result of exposure 
to an oxygen atmosphere. 


I, Fatigued muscle-sets, exposed for 18 hours to different atmospheres, under equal 
conditions of temperature and moisture. ee 
amounts of zinc lactate. 

(1) 11°C. A. after nitrogen -158°/, B. after oxygen °072°/, 
(2) 16°C. A. ” ” “871 B. ” ” *205 "lo 


TL wcll siailaaete. some (A) estimated immediately after fatigue in air, the 
others (B) after exposure to oxygen. A and A’ indicate duplicate estimations. 


(1) 18°C. A. B, oxygen 7} hours *163°/, 
A’. 246%, 

(2) 18°5°C. A. By 

A’. °213 0. ” 20 ” 099 °/, 


(3) 22°C, A. 242°), B. 18 ” "106 °/, 
C. hydrogen18 ,, 

Ill. Two similar muscle-sets were arranged in vertical tubes, maintained at 13-5° C. 
one in hydrogen throughout, the other in oxygen, with suitable moistening arrangements. 
They were stimulated 5’ at a time, with alternating 5’ periods of rest for 4 hours, and 
then remained at rest for 14 hours, one still anwrobic, the other still in oxygen. The 
results of estimation were: . 

Hydrogen set *240 °/, Oxygen set +142 °/,. 


For further analysis of these effects we have attempted to follow by 
successive estimations the velocity of change at different periods. The 
results at ordinary room temperatures (15°—18°C.), are shown in the 
lower part of Fig. 5 (for details see Exps. XVIII. e¢ seg.). In the three 
cases given graphically in the figure the degree of acidity due to fatigue 
is not the same: the three initial yields are respectively ‘147 °/,, ‘193°, 
and ‘227°/,. In all alike however the changes which accompany 
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exposure to oxygen belong to the same type. The diminution in acid 
yield is most rapid at first, and increasingly slow thereafter. It must 
be noticed that in all three cases given, starting from different initial 
amounts of acid, there is a close approximation at the tenth hour of 
their respectively diminished yields. Whenever we have used the 
whole hind limbs of the frog we have noticed that the diminution 
of yield due to oxygen does not proceed far below the level of -10%/,, and 
it is towards approximation to this level that the three curves of 
diminution tend. 
% 


2 3 5 10 
Fig. 5. Lactic acid production and loss in atmospheres of oxygen at different — 
temperatures. 


As 80°0. gain in lactic acid is shown: at 15°—18° C, 
the course of loss is followed. 
x loss of excitability. 


It will be seen at once that these curves, obtained at room 
temperatures, have an exponential character, such as might be expected 
if the amount of acid lost in unit time, bore a simple relation to the 
amount at that time present in the muscle. But until a more detailed 
analysis of the processes underlying the described results has been 
made it would be unsafe to express them at all confidently in this way. 
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_ removal of acid, the resultant being a balance between formation and 
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We know that in the absence of oxygen a steady spontaneous increase 
of acid yield takes place, but it is uncertain at present whether we 
have to imagine this spontaneous formation as still subsisting in the 
presence of oxygen notwithstanding a contemporary destruction or 


loss; or whether, on the other hand, the spontaneous formation is 
inhibited in the presence of oxygen, leaving exhibited the unbalanced 
loss alone. | 

Two other considerations add also to the difficulty of present 
interpretation. 

We shall show that the loss of acid yield effected in the presence of 
oxygen is only exhibited by irritable muscles, and we have seen that 
the spontaneous survival increase of yield in the absence of oxygen 
is also a constant mark of remaining irritability. But whereas the 
spontaneous anzrobic increase occurs at constant rate during the 
periods of declining irritability, it is possible that the swrobic loss may 
diminish as the irritability declines, and that the lower curves given in 
Fig. 5 represent not so much the rate of chemical change as affected by 
the materials available for it, but as affected by the physiological state 
which allows it; in short that the curve is essentially a curve of declining 
irritability. 

It is to be remembered also that by immersion in oxygen gas the 
muscle substance is not, from the first, equally supplied in all its parts 
with oxygen. We have little guide as to the rate of penetration of | 
muscle substance by oxygen. It has been shown that the diffusion 
of CO, outwards, from muscle substance artificially charged with it, 
follows the simple logarithmic.course to be expected ; its solution in 
muscle behaves like a solution of it in water’. If the diffusion of 
oxygen through the muscle resembles that of CO,, then the curve 
of lactic acid loss may owe its exponential character in part at least to 
the varying rate of effective oxygen supply. 

We are now engaged in a closer experimental analysis of the 
changing rate of loss; but we have thought it worth while to describe 
the actual course which the loss follows and briefly to mention some of 
the difficulties of interpretation. The question of diffusive penetration 
by oxygen, it may be further noted, has a bearing upon the circum- 
stance that whereas we have not found a reduction of acid yield notably 
below *10°/, when we have used the whole musculature of the limbs, we 


1 Fletcher, This Journal, xxm, p. 30. 1898-99, 
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have several times obtained a completely negative result (by qualitative 
methods) when a chain of fatigued gastrocnemit has been immersed in 
oxygen, and it is not giving these undue weight if we take them 
to indicate a value in any case decidedly below *10°/,. This discrepancy 
may, we suggest, be assigned to the more efficient penetration of the 
smaller muscles. For the purposes of quantitative estimation we have 
not yet ventured to use gastrocnemii aloné, and where whole limbs are 
used the larger muscle-masses of the thigh may allow the penetration 
difficulty seriously to affect the result of oxygen immersion. 


Effects of onygen at extra-physiological temperatures. 


Some results already obtained under this head in the analysis of the 
serobic loss of lactic acid may be given here. We find that both above 
and below the physiological limits (for these we suggest at present 10° 


as a lower and 25° as an upper limit) the effects of exposure to oxygen 


are widely different from those within the limits. 


_ In the upper part of Fig. 5 are graphically shown the results of two 


series of successive estimations (see also Exps. XV. and XVI.) of 
fatigued muscles immersed in oxygen and maintained throughout at a 
temperature of 30°C. This temperature is extra-physiological for the 
muscle though it is not above the usual limits for enzymic action. 

It will be seen that in both cases, starting from the fatigued state, 
in which the zinc lactate yield in each case is near to ‘20°/,, the yield in 
both cases remained nearly constant for 2 hours and in one case nearly 
constant for 10 hours, then slowly rising. In the other case after 2 
hours it rose by 50°/, in the next 3 hours and by half as much again 
in the next 5 hours.’ 

We must defer until further experiments are completed an attempt 
to interpret these results in detail. It is clear that for 2 hours 
or more the effect of oxygen has been to hold in check an otherwise 
inevitable spontaneous rise of acid yield. One of the given cases 
provides an example of this check being maintained, or at least the acid 
status m quo being maintained, even for 20 hours, long past the 
cessation of irritability : the other case shows a, relatively sudden release, 
either from check or from a counteraction, of the acid yielding process. 
The only conclusion we draw at present (and we here assume that 
increase of temperature does not impede the penetration by oxygen of 
the muscle substance), is that a rise of temperature to the highest 
physiological limits does not increase the oxidative removal of acid ; or, 
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at the least, that it favours the acid production more than it favours the 
opposing oxidative process. 
At the lower limits of temperature, the oxidative removal would 
seem to be in complete abeyance, and not merely very slow as in the 
case of the survival increase. It will be enough to quote one experi- 
ment, in which the fatigued muscle sets were maintained at _— in 


12°C, Fatigued muscles, estimated directly 169°, 
28°C, set. 2 hours in oxygen ‘154°, 

” ” 5 "151°, 

The ee fall in yield after the first 2 hours is accounted for by 
the oxygen effect to be expected during the time in which the muscles, 
fatigued at room temperature of 12°C., were cooling to the temperature 
2—3°C. of their chambers. | 


Effects of omygen after traumatic injury. 

It has been suggested already that the oxidative process, as we have 
studied it, may be complicated by an imperfect diffusive penetration of 
oxygen through the relatively large muscle-masses we have been obliged 
to use. It was in the course of an attempt to examine this complication 
by cutting the muscle to smaller pieces, and thereby to increase greatly — 
the available surface, that we came to the effects of traumatic injury 
already described (p. 261). The amount of actual loss in lactic acid 
yield which does occur in undamaged muscles at suitable temperatures 
(10°—25°C.) in oxygen, had moreover suggested to us that the loss. 
might be due to an oxidative process of a relatively direct and simple 
kind, not bound up with the irritable life, or with the structure of the 
muscle; and that the process might continue effectively when the 
muscle was reduced to small pieces or even to the “brei” condition, 
whether or not the necessary injury gave a high preliminary lactic acid 
percentage. 
But it was at once obvious, on trial, that damage, and even relatively 
slight damage, if inflicted so as to leave no muscles intact, not only 
disallowed any process of oxidative loss of acid yield, but removed 
at once all the characteristic influence of oxygen. To a damaged 
muscle, in fact, oxygen is a neutral gas. 
A comparison is made in the following experiment between the 
oxidative effects in the case of undamaged limbs and those when 
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corresponding sets of muscles have been cut each into pieces with 


sharp scissors (experimental details are given on p. 308). 
Temperature 22°C. throughout, limbs fatigued and shuffled to sets 
of ten each (a, b, etc). (Exp. XXIV.) 


a estimated directly, ‘242 gnis. °/, zinc lactate. 
18} hours in hydrogen *416°/, (gain 72°/,) 
d » oxygen ‘106°, (loss 56°/,) 


b cut evtimated directly ‘384 °/, 
a hours in “450 °/, 
k ” ” “491 / 0 
9g ” 18 ” ” 464 °/, 


Here, in marked contrast to the large oxidative loss in the un- 
damaged limbs, the damaged muscles show little difference of yield 
whether in hydrogen or oxygen. A small difference which is established 
at the end of 54 hours, perhaps due to slight oxidative loss, at the 
beginning, in pieces- not at once affected by “traumatism,” remains to 
the end of 18 hours. In the last 13 hours the cut muscles in oxygen 
gain actually just more in lactic acid yield than those in hydrogen. 

The point may be further illustrated by reference to Exps. I (p. 261) 


and IT (p. 262), and to Fig. 1, in which their results are plotted. In that — 


figure the dotted lines represent periods of exposure to oxygen, the 
unbroken lines indicate anwrobic conditions, At the end of curve A 
the two estimations of acid yield in the two sets of chopped muscle 
which had been from the 8th to the 21st hours exposed to hydrogen and 
oxygen respectively, are practically identical, that for oxygen being, as 
it happens, just the higher. In curve B, the rapidly increasing acid 
yield due to the cutting injuries which is seen in the first period 
(3} hours) in hydrogen, is not appreciably checked (having regard to 
the general time-relations of the curve) when an oxygen current is 
substituted for the hydrogen current during the following 3 hours. 


How is this complete cessation of the oxidative control of intra- 
muscular lactic acid, after damage to the muscles, to be accounted for ? 


It might be supposed that the direct effect of mechanical injury, acting 


as @ stimulus, so encourages the breakdown production of acid as to 
nullify the opposing influence of oxygen,—in much the same manner as 


the exposure to higher temperatures was seen to nullify it. But with — 


the damaged muscle there is little sign of any compromise or balance 
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between stimulative production and oxidative loss. Only production is 
evident, and it is as evident in the presence of oxygen as it is under 
strict anzrobic conditions. 

To minimise the direct influence of the cutting stimulus, the results 
already given were repeated, with the only change that the muscles 
were cut to pieces at freezing temperature, the subsequent acid 
production of similar cut samples in hydrogen and oxygen respectively 
being tested, at intervals up to the end of 9 hours, after a low room 
temperature (12° C.) had been slowly reached and the muscles thawed. 
The results of this procedure were in all ‘ematals we same as those 
already quoted. 

Again, it would be difficult to explain in terms only of the potency 
of the initial stimulation, why, after severe injury to the muscle, the 
oxygen effect in controlling acid production is abolished. This initial 
injury produces in the cases given in Fig. 5, an initial acid yield 
expressed as 150°/, (10° C.), and ‘246°/, (15° C.). These are figures 


stimulated to advanced fatigue by strong induced shocks. The 
oxidative process can effectively cope with the lactic acid production 
in the fatigued muscle, as we have seen; it not only prevents 
further increase of yield but causes the disappearance of 50°/,, more or 
less, of the initial amount of acid due to fatigue. Yet, in the case of 
the damaged muscle, with no higher initial content of acid, the 
oxidative process appears to be entirely absent or ineffective; apparently 
it neither leads to disappearance of pre-formed acid, nor exercises the 
slightest check upon continued production. 
_ The facts indicate that we must go beyond the mere stimulative 
injury of cutting for the absence of the oxidative process, although if 
we look further, we can only summarise events by saying that, for the 
effective continuance of the process, the life and irritability of the | 
muscle (both of which are almost immediately lost upon extensive 
cutting injuries) are essential conditions. This expression of the results 
can be put in a different form, but perhaps without any alteration of its 
significance, if we say that an essential condition for the continuance of 
the oxidative process is the undisturbed maintenance of the normal 
architecture of the muscle substance. 

It is clear at all events that we have to deal not with an oxidative 
destruction or alteration of the lactic acid molecule carried out in the 
muscle tissue by simple chemical reaction or under the influence of 
oxydases, but with a process inextricably wrapped up with the metabolic 
events underlying the normal life of the muscle. 
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At many points in the course of current investigations into the 


chemistry of tissues, the suggestion is made, or implied, that a close 
study of changes going on in an excised and minced tissue, in a tissue 
 “brei,” or even in a tissue juice, is equivalent to a study of the chemical 
processes of the living tissue. We do not criticise this suggestion when 
it is properly safeguarded, but we think it well to point out that in the 
case of muscle at least we have a notable instance to the contrary effect. 
Here is a relatively simple chemical process—the oxidative transformation 
of lactic acid—which is to a high degree effective in an undamaged 
muscle after excision and which, we can hardly doubt, plays a very 
large part in the normal life of the muscle. Yet the process cannot be 
detached from the cycle of metabolism associated with continued 
irritability and appears to have at most a very brief existence or 
counterpart even in small pieces of muscle, damaged only by the 
necessary cutting. 


The fate of lactic acid in the intra-muscular omdative process. 

The close association of the oxidative removal of lactic acid with the 
normal structure and irritability of the muscle puts special difficulties 
in the way of detecting the chemical nature of the process and its 
results, The process cannot. be btudied, we have shown, in minced or 
manipulated muscle in vitro, because it no longer exists, 

Indirect methods only are available for ascertaining the fate of the 
lactic acid which disappears. It can hardly be doubted that the lactic 
acid, whether built up or broken down, is exchanged for molecules 
which have less toxic properties, if any, than itself, An obvious 
suggestion is that it is oxidised to yield CO,, and in support of this we 
not only have the whole group of phenomena, already quoted, which 
indicate the removal of the toxic acid from action upon the muscle, but 


also the specific facts that “the normal rate of CO, discharge during 


the rigor periods for muscle in air is always largely increased in an 
atmosphere of oxygen” while it is “diminished by about 30%/, in an 
atmosphere of nitrogen’” and that the rate of survival discharge of 
CO, is increased during muscle contraction in the presence of available 
oxygen but is not increased under anzrobic conditions. Taking 
these considerations together, the conclusion that lactic acid is an 
immediate precursor of CO,, undergoing complete conversion into CO, 


} Fletcher, This Journal, xxvin. p. 359. 1902. 
® Ibid, p. 497. 
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only when oxygen is available, would seem to be almost irresistible; 
though it should be pointed out that if such a conclusion held good, it 
would be difficult to account for the abolition of so simple a chemical 
process by injury to the muscle. If the change were simply an 
oxidation of lactic acid to CO,, it would be expected to occur even in 
a muscle “brei,” if supplied with oxygen. 

We have tested the question by making use of the fact that CO, 
alone, with water, and no other substance, actually passes away from — 
- an excised muscle.’ If it yields CO, directly, then lactic acid in effect 
leaves the muscle. Otherwise in one form or another it remains 
behind. | 

A well-known observation of Ranke’ suggests a means of following 
this up. He found that a muscle “after its removal from the blood 
circulation possesses an unchangeable maximum of acid yield” (Satire 
bildungsmaximum) though he demonstrated this only for the case of 
mammalian muscles; and his results were confirmed, though uncon- 
sciously, by Astaschewsky and by Warren (see p. 279). The full 
establishment of rigor mortis was associated with just the same acid 
yield as the quickly produced heat rigor, when similar excised muscles 
were used. But “through tetanus in the living animal the acid 
maximum of the niuscles becomes less. The tetanised muscle shows 
less acid than the resting. Tetanus of muscle uses up acid-forming 
material*.” If then the passage of lactic acid out of the muscle by 
way of the circulation, as in Ranke’s frogs during strychnine tetanus, 
reduces the acid-maximum attainable subsequently upon heat-rigor, 
similarly a removal of lactic acid in the shape of CO, and water from an_ 
excised muscle should reduce the ultimate heat-rigor yield. Such 
a reduction of the heat-rigor maximum would not show necessarily that 
the lactic acid has left the muscle as CO,; the reduction might occur if 
the lactic acid became deconstituted within the muscle. But the 
absence of any reduction after oxidative disappearance of lactic acid, 
would negative the view that the products of the acid had escaped from 
_ the muscle. 

We have consistently found that the maximum lactic acid yield 
reached in heat-rigor by a given excised muscle is constant, not only 
for resting muscle and for fatigued, but is also constant whether, to a 
less or greater extent, the lactic acid yield has been diminished by 
exposure to oxygen. The disappearance of lactic acid, as such, from the 


1 Joe. cit. p. 146. | 2 loc. cit. p. 151. 
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muscle substance under the. influence of oxygen, does not cause any 
reduction of the lactic acid maximum subsequently reached in heat- 


rigor. 


The constancy of the heat-rigor maximum (see also p. 266) can be shown without any 
elaborate precautions. But it is important that heat-rigor should be fully reached in all 
parts of the muscles under investigation and that, so far as possible, the heat-rigor should 
be induced at the same t t fi a temperature not far above 40°—for all 
muscles which are to be put in comparison. There should be no danger (1) of incompleted 
rigor in any case, or (2) of any interference by quick killing at higher temperatures with 
the slower spontaneous heat-rigor at 40° C. and near it. ; 

As a routine throughout our experiments we have obtained heat-rigor in each case by 
arranging the shuffled set of limbs at the bottom of a thin-walled Erlenmeyer flask, which 
has then been immersed in water maintained at 45°C. for one hour. The results obtained 
with control sets have exhibited constancy with almost surprising precision. In our own ~ 
minds we have attached great value to the close approximations to identity of estimation 
which we have obtained in this set of observations, on the ground that they afford evidence 
‘of the efficiency of the routine methods of extraction and estimation. 


The following experiment is typical. | 
Exe. V. April. Temperature 11:5°C. Limbs in sets of ten each as before. 
Resting set, estimated directly .. ... 
Set fatigued within hydrogen tube te 3 
bility and marked stiffness; estimated after heat-rigor . 817°), 
vin tbe for 48 hous, aod sop 
estimated after heat-rigor . 315°), 


Here the muscle set fatigued to stiffness in hydrogen shows, as we 
expect, the same heat rigor maximum as the resting limbs, which have 
the same potentiality for acid production. But exactly the same 
maximum is also reached by the muscles in oxygen, which were 
stimulated to active contraction for long intervals extending over 48 
hours. It cannot be doubted in view of the experimental results 
already given, that throughout this period the loss of lactic acid by 
oxidative disappearance was very considerable; and during the whole 
time abundant CO, was presumably leaving the muscle. But the store 
available for the lactic acid formation in heat rigor,—the same store as 
that called upon during contraction, the store yielding, that is to say, 
the lactic acid which we have shown to be subject to oxidative loss 
—remains undiminished at the end. 


The results of another experiment exactly the same in effect, but carried out with 
autumn frogs, may be added here. 
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Exp. VI. Movember. Temperature 16°C. Limbs in sets of ten pairs each. 
Resting set, estimated after heat-rigor at 45°C. ... ...... “618%, zine lactate 


” ” ” ” ” (duplicate) “502 
_ Three other sets were all fatigued by 2 hours’ severe stimulation. 
Fatigued set, estimated directly, after heat-rigor 
» @xposed 2 hours to oxygen, than after heat. 
rigor 
” » similarly in duplicate een see ees ose 516%), ” ” 


To ee ee a doubt the reality of the continued loss of lactic acid 
throughout long periods of activity in the presence of oxygen, and the 
constancy of the ultimate heat-rigor maximum, notwithstanding the 


successive losses, the process has been followed by successive estima- 


tions, during alternate intervals of production and loss. The results 
are expressed graphically in Fig. 6. 


Qme 


— 
— 
— 


10 50 

Fig. 6. The relation of the heat-rigor lactic acid “ maximum,” to the survival history 
of muscle. i 
Four estimations of lactic acid due to heat-rigor are shown, two at the beginning, in the 
case of resting muscles, two at the 58rd hour, in the case of inexcitable muscles, 
which had gone through nine periods of severe stimulation alternated with periods of 
rest in an oxygen atmosphere. The enclosed areas represent time periods (drawn 
proportionate to absciss#) of stimulation by strong interrupted shocks. x loss of 
excitability. Temperature 15°C. Continuous line shows course of acid loss as 
actually determined by estimation. Dotted line shows the presumed course: of acid 
loss and gain during other alternate periods. 


Exp. VII. (Fig. 6.) Temperature 15° O. throughout. Ten shuffled sets of ten limbs 
each. 


resting sets, rigor (45°) 
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all could be stimulated. In the periods marked on the diagram as enclosed areas, the — 
chains of limbs were thrown into active contraction. In the third day the irritability was 
gone. During contraction air filled all the tubes. Immediately after each period of 
activity, oxygen was supplied to all and the supply maintained throughout the period of 
rest up to the next stimulation. 


4 


the first day 
Set estimated directly after active period in air 280%, 
» end of following rest period in oxygen 
In the second day 
Set estimated directly after activity in air 
» following rest in oxygen jn 
In the third day | 3 
Set estimated directly after stimulation period (without mn "12% 
” ” ” ” rest period in oxygen wee “12 "lo 


were estimated after heat-rigor. 


Each of these last two sets of muscles had undergone nine periods of 
stimulation with rests following. The total amount of lactic acid caused 
to disappear during these three days may be judged by a rough integra- — 
tion based on the comparative estimates already given for each of the 
three days after activity and rest respectively. The figures show clearly 
that in spite of this large total disappearance of lactic acid, the final 
potentiality of the muscles for lactic acid production had not appreciably 
diminished. 

In this particular niiercaies the total amount of lactic acid which 
was, in sum, disposed of by exposure to oxygen before the induction of 
heat rigor, would not be less than that afterwards produced as a direct 
result of the rigor. We are convinced that carefully chosen conditions 
as to temperature, and well selected periods for stimulation and rest, 
would allow this phenomenon to be demonstrated in a still more 
striking way. There is no question but that an excised muscle can 
produce, and, with access to oxygen, again dispose of, relatively 
large amounts of lactic acid without final diminution in that store of 
material which is drawn upon by the processes yielding the acid of 
heat rigor. 

These facts apply, at present, only, of course, to excised muscle; but 
it seems clear that they have significance, and we believe that when 
they are explained some new light will be thrown upon the chemical 
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_ other than those which supply the acid of heat rigor ; but this seems to 
be against all the weight of the evidence. 


way: certain material, serving as a source of lactic acid, is stored at— 


of reconstructive proctsses. It is, of course, a simple and attractive 


active muscle) how the energy of a substance, oxidised after it has 
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dynamics. of living tissues. The simplest suggestion towards an — 
explanation would be that the lactic acid of fatigue, arises from sources 


We might, as an alternative, express the events in the following 


so to speak—a certain definite chemical potential, in a condition avail- 
able for immediate use, and this store alone is directly drawn upon by 
the processes of fatigue or rigor. But when the ‘excised muscle is 
recovering. from fatigue, under the favourable influence of efficient 
oxygenation, not only is the lactic acid produced by fatigue removed, 
but the store of available precursor is renewed, from reserve material 
present, originally, in some more stable form. 

But the facts may be viewed from the standpoint of quite other 
possibilities. It is conceivable that the disappearance of lactic acid 
during recovery from fatigue does not involve its oxidative removal in 
the form of carbonic acid and water, but may be due to the occurrence 


view, based, as was urged above, upon available and suggestive facts, 
that lactic acid is a representative of a class of penultimate metabolites, 
formed during the breaking down processes of activity, the fate of which 
is to undergo subsequent oxidation under the influence of extra- 
molecular oxygen. This view, ere, 3 is associated with one ciao 
which is not to be ignored. 

~ Lactic acid is a substance still possessed of high potential energy, 
and it is not easy to see (confining our attention to the economy of 


appeared as a product of the ‘spaltung’ processes associated with con- 
traction, can contribute to the sources of contractile activity. The 
difficulty is the greater if we adopt the usual supposition that the acid 
arises from carbohydrate, since its potential energy remains so nearly 
that of the assumed precursor. It is, of course, still more intrusive, in 
any consideration of muscle economy, if we suppose that, under normal 
circumstances, the lactic acid produced i in muscle is oxidised elsewhere 
in the body. - 

The chemical relationships of lactic pa and the results of recent 
research, indicate that it is a substance which, in some sort, links 
proteid products with carbohydrates, and carbohydrates with fats. It 
is at least very possible that it is an intermediary substance in the 

PH. XXXV, 19 
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processes of transformation of storage material in the’ body’... If such 
processes occur’in metabolism, there is no reason why their progress 
should not come to light in the study of individual ‘organs, and it is by 
no means fanciful to suppose that the appearance of lactic acid in 
muscle indicates a stage in the conversion of less readily available 
sources of energy into others which are more immediately available. 
Such processes of change would involve not only a breakdown which 
might continue anzrobically, but also a subsequent synthesis, for 
which normal physiological conditions would probably be necessary. 
Without, however, venturing to insist upon any such details in the 
suggestion, we may at least indicate that, if during its disappearance in 
the oxygenative recovery of an excised muscle from fatigue, lactic acid 
does not undergo final oxidation, but shares rather in some constructive 
or reconstructive process, the’ circumstance would offer a ready explana- 
tion of the restoration of power to yield the’ normal acid maximum of 
the originally unfatigued muscle. It would explain, also, the fact that 
the oxygenative disappearance is no longer found when the tissue is 
disintegrated. This would be only in accordance with the familiar 
experience that in the majority of cases the integrity of the tissue unit, 
no less than an efficient oxygen supply, is necessary for, or greatly 
favours, such constructive processes. The point of view which has been 
indicated, whatever its present justification may be, should be susceptible 
of an experimental test, probably on the lines of a ia — 
study, and this we have begun. 


VI.. CoNCLUDING REMARKS AND SUMMARY. 


The proof obtained early in the course of this research that the 
‘lactic acid content of muscle is profoundly affected by the nature of the 
treatment received before or during extraction, has enabled us, we 
believe, to explain some of the contradictions in the statements of 
others about the fundamental relations of acid production. 

Our experiments leave no doubt that in the survival processes which 
precede the disappearance of irritability there is a steady increase not 
only of total acidity in the muscle but of lactic acid itself. Equally 
certain is it that in acid production during fatigue lactic acid takes a 
large and probably predominant share. The necessity for reinvesti- 


"a In’ connection with the subject matter of this and the preceding paragraph, compare 
J. B. Leathes, Some Problems of Metabolism, 1906, Chapter 11. p. 50. 
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gating such fundamental questions as these, before proceeding to the 
closer study of the phenomena which was our intended task, has given 
this paper essentially the nature of a preliminary communication. We 
propose to postpone therefore a full discussion of the bearing of our 
present results. 
_- It may not be out of place however to consider briefly whether our 
data are to be reconciled with some current views as s to lactic: acid 
production i in muscle, 
We have given proof that the survival processes in excised unstima- 
lated imuscle lead from the moment of excision onwards to a steady 
accumulation of lactic acid, which, under most conditions, ceases entirely _ 
with loss of irritability. The increase of acid in the intact muscle is 
most rapid under anerobic conditions, is slower in air, and is not to be 
observed (at any rate for long periods after excision) in an atmosphere | 
of pure oxygen. In the unstimulated muscle the production is, for the 
greater part.of the survival period, very nearly proportional to the lapse 
of time; but stimulation produces an acceleration which may convert 
the curve of production velocity from a linear. type into one showing 
exponential characters. Partial disintegration of the muscle represents 
@ strong stimulus, inducing this acceleration to a marked degree, and a 
want of recognition of the rapidity of the change so induced has led 
many observers to ascribe much too high values to the lactic acid 
content of “resting” muscle. This is an error which has necessarily 
prevented the ascription of right values to the changes occurring during 
survival processes or fatigue. - Exposure of the intact fibres to poisons, 
such as chloroform or coal gas, also accelerates the velocity of production, 
and, as has been shown in Part IT of this paper, the action of alcohol in 
this respect is so marked that its uninformed use as a solvent has 
introduced large errors into many published estimations of lactic acid. 
Our experiments make it clear that the excised but undamaged 
muscle when exposed to a sufficient tension of oxygen has in itself the 
power of dealing in some way with the lactic acid which has accumulated 
during fatigue. While the fibres are recovering from fatigue and 
regaining irritability in an atmosphere of pure oxygen, their content of 
lactic acid is greatly reduced. As already stated, exposure to pure 
oxygen also inhibits the production of the acid in fresh resting muscle. 
In air a slowing of the rate of production is seen, but exposure to an 
atmospheric tension of oxygen does not inhibit the process of formation. 
There is no reason to suppose at present that an increase of oxygen 
tension has any influence more special then that of accelerating the 
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penetration of the gas into the muscle mass. If, as can hardly be 
doubted, there occur, in the surviving tissue, processes (encouraged by 
anzrobic conditions) which lead to acid production, opposed to others 


(demanding oxygen) which make, possibly, for actual inhibition of — 
production, and, certainly, for removal after production, . then it is clear 


that whether we shall observe an accumulation of the product or a 
balance, or, as a third alternative, removal of the product when formed, 
will depend upon the rate at which oxygen is supplied. There is every 
reason to believe that a sufficient tension of oxygen (not reached in air) 
partially restores to an excised muscle one normal asset otherwise lost 
on excision, a supply, namely, of the gas sufficiently rapid to turn the 
balance, from an accumulation to a removal, of gi particular breakdown 
product under consideration. _ 

- Hoppe-Seyler and his einmalania: were, as is well known, the first 
to emphasize the importance of deficient oxidation.as a factor in 
inducing the appearance of lactic acid in the intact animal. The facts 
_ in this connection are compatible with the view that the substance is a 
true intermediate product of metabolism, but one which undergoes 
further change with such rapidity, when oxygen supply is normal, that 
deficiency in oxygen supply is a necessary condition for its appearance 
in appreciable amount. The facts may however be taken to indicate 
that lactic acid is not a normal metabolite at all, but an alternative, 
asphyxial, product. To judge from references made to Hoppe- 
Seyler’s view we are not sure that all writers have been quite clear as 
to exactly what it implied, though the author himself seems to me 
indicated a belief in the latter of the above alternatives’. 

The proof that muscle possesses in itself the requisite chemical 
mechanism for the removal of lactic acid when once formed, and that 
it is not in this respect wholly dependent upon the circulation, 


indicates, we think, that the substance is a product in its normal | 


metabolism. 


Our experiments show that a disappearance of some thirty per cent, e 


of the lactic acid of fatigue occurs during the first two hours of exposure 
to pure oxygen; for the removal of fifty per cent, ten hours may be 
necessary. It must of course be realised that the completely fatigued 
excised muscle, depending upon the surrounding atmosphere instead of 
a circulation, is so far from being in a physiological condition that these 
results give no indication of the rate by which lactic acid might be 
aia with under normal conditions in the body. It is clear, from 
‘Hoppe-Beyler. Berichte xxv., Ret. 685, 
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familiar evidence, that oven in the body large and abnormal amounts, 


produced under exceptional circumstances, are removed from the muscles 
by the circulation ;.but we think that our experiments establish the — 
existence of a power to deal with the metabolite locally, which cannot 
but serve the muscle under normal physiological conditions. Considera- 
tions of energy supply point strongly, as has been urged in previous 


paragraphs, to the value of such local utilisation. One very striking 


circumstance has been brought to light by our experiments. We have 
shown that the removal of lactic acid under the influence of oxygen only 
occurs when the fibres are irritable and intact. . Partial eee 
the tissue entirely prevents its occurrence. 

Our experiments have not so far been concerned with the nature of 
the precursors of lactic acid; but the results may be held to have some 
indirect bearing on this matter. Numerous studies have been made by 
others upon excised muscle, in the endeavour to relate the disappear- 


‘ance of glycogen to the appearance of lactic acid in fatigue and in rigor. 


The results have been contradictory, but in the well-known experiments 
of Boehm there was no indication that, in rigor, the acid arises 
from glycogen. Most of the existing work upon this point (including 
Boehm’s) was done before the importance of the pancreatic function in 
carbohydrate metabolism had been recognised. The possibility must 
now be reckoned with that the excised organ, if it does exhibit 
carbohydrate metabolism, may be — so in the absence of a normal 
factor. 


ceivably, be studied by placing them in Ringer’s fluid containing:such extracts; and in 
view of Otto Cohnheim’s results with ground up muscles, it is desirable that this 
possibility should be tested. Immersion of course tends to complicate the phenomena 
somewhat, because of the diffusion of products into the fluid. But if a proportionately 
small amount of fluid be used, sufficient just to cover the muscles, equilibrium inside and 
outside the fibres (in the case of substances for which the muscle is permeable) seems to be 
rapidly attained. At any rate we have found that on bubbling oxygen through Ringer's 
fluid containing fatigued muscles, there is (after, maybe, a preliminary increase) a final 
disappearance of a large proportion of the lactic acid, coincident with return of irritability 
to the muscles. In such experiments the lactic acid was estimated in the muscles and the 
surrounding fluid taken together. If the pancreatic co-agent can enter the muscle, it may 
prove moré profitable to study the relation between carbohydrate and lactic acid when 
connection with the muscle alone. 


Since (to judge from the best available data) the average quantity of 
glycogen in frogs’ muscle is, at most, not much more than commensurate 
with the amount of lactic acid which can be formed during survival 
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processes, it may perhaps be thought that a velocity of formation which 
shows no minus acceleration is incompatible with an exclusive 
derivation of the latter from the former substance. The results given 
in the last section, moreover, may be’ taken to indicate that an excised 
mfiscle is capable of producing, ‘under special conditions, a quantity of 
lactic acid quite out of proportion to its glycogen content. We do not 
wish, however, before further data are obtained, to insist too much on — 
- considerations of this sort, and we do not claim that our present results 
bear with any special force upon the question of the nature of the 
precursors of lactic acid. 
We feel however that they stand in the way of any direct application 
of Stoklasa’s conceptions concerning lactic acid production to the case of 
_ surviving irritable muscle. As is well known this author ascribes to every 
living cell an anserobic mechanism, the action of which precedes oxidation 
processes. It brings about a change of carbohydrate into lactic acid, 
followed by removal of CO, and the formation of alcohol. The process 
is identical with the fermentation of sugar by the yeast-cell and the two 
stages of change are induced by two specific ezizymes, consecutive in 
action, corresponding with those described in yeast by Buchner and 
Meisenheimer. Whenever therefore we estimate the gradual increase 
of lactic acid in surviving muscle, we are following, on this view, the 
accumulation of a product intermediate between sugar and alcohol. If 
our evidence for the linear relation to time exhibited by this accumula- 
tion be accepted, mathematical consideration will show that it cannot 
concern a product intermediate between two reactions of an exponential 
character. The chemical nature of the supposed reactions makes it 
unlikely that they would proceed on other than exponential lines; but 
it is, of course, possible that, in the muscle, each is so conditioned as to 
proceed without change of velocity. The rate of accumulation of the 
intermediate product will then be linear, and will depend on their 
relative velocity. Granting this, however, it is still not easy to see why 
the disappearance of lactic acid from muscle should be encouraged by a. 
free supply of oxygen, if the enzymic change from lactic acid to alcohol is, 
as on Stoklasa’s assumption, essentially an anwrobic process. Finally, if 
the normal fate of lactic acid is to form alcohol by simple cleavage under 
the influence of an enzyme, it seems even more difficult to understand 
why the process which leads to its disappearance from muscle should 
cease so completely upon partial disintegration of the tissue. _ 
Stoklasa’s experimental evidence for the occurrence of alcoholic 
fermentation in the expressed juice of plant-cells, especially .as 
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| presented in his most recent, paper’, is convincing. But in the 


case of surviving muscle fibres, even if we assume the presence of 
agencies necessary to induce alcoholic fermentation, these would not 
we think, suffice for a full explanation of the phesiomens 


Rasimations have been made of the acid yicided 
by the leg muscles of frogs under various conditions. 
Special precautions have been taken to avoid errors due to 
the manipulative treatment of irritable muscle. The esti- 
mations have been made by gravimetric determinations of 
zinc sarcolactate according to the well-known method, used 


‘with certain modifications. 


2. Freshly excised resting muscle is found to yield wane 
small quantities of lactic acid, and these small amounts are 
possibly not more than can be accounted for by the unavoid- 
able minimum %f manipulation prior to extraction. 


3. A large increase of the yield of lactic acid is found as 
the result of mechanical injury, of heating, and of chemical 
irritation. A large increase of acid is found, in particular, 
to accompany the immersion in alcohol of resting muscle in 
bulk, and this, with the other effects due to destructive 
treatment, is shown to have important we upon the 
choice of methods for extraction. 


4. Lactic acid is spontaneously developed, under sienna 
bic conditions, in excised muscles. The course of this 
survival development of acid has been followed by-series of 
successive estimations. -During the survival periods of 
subsisting irritability, and not after, equal increments of 
acid arise in equal times. After complete loss of irritability 
the lactic acid yield remains stationary. 


5. Fatigue due to contractions of excised muscle is ac- 
companied by an increase of lactic acid) The amount of 
acid attainable by severe direct stimulation is found, with 
notable constancy, to be not more than about one half of 
that: reached in the production of full heat-rigor, or by the 
action of other destructive agencies than heat. 


Zeitach. f. physio. Chem. Bad. 1. 1907. 
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6, In an atmosphere of oxygen there is no survival 


development of lactic acid, for long periods after ex- 


cision. 


From a fatigued muscle, placed in oxygen, there is a | 


disappearance of lactic acid already formed. The course of 
this disappearance has been followed by successive estima- 
tions in similar groups of muscles exposed to oxygen 
for different time intervals: it proceeds at first rapidly, 
then more slowly, and in general reaches a level about one 
half of the original yield of the fatigued muscle. 

This disappearance of lactic acid due to oxygen does not 
occur, or is masked, at supra-physiological temperatures 


(e.g. at 30°C.). It is not found in muscle which has suffered — 


mechanical injury: one essential condition for this effect of 
oxygen appears to be the maintenance of the normal 
architecture of the muscle. 


7. The amount of lactic acid produced in full heat-rigor 


(at 40°—45°C.) is constant for similar muscles. This “acid- 


maximum” of heat-rigor is not affected by a previous 
appearance within the excised muscle of lactic acid due to 
fatigue, nor by a previous disappearance of acid in the 
presence of oxygen, nor by alternate appearances and 
disappearances several times repeated. 


8. In an appendix a new colour test for lactic acid is 
described, 


APPENDIX I. 
Protocols of Experiments. 
In this detailed account of experiments not given in the text such points of procedure 


_ a8 are common to all are omitted for the sake of brevity. The account of the treatment 


of the muscles given in Part I, page 256, need not be here repeated. 

The weights given for the muscles are the net weights in all cases. Pon these the 
weight of the bones, debris, and unused .muscles of the pelvic girdle and those below the 
ankle joints was deducted from the initial weight of the whole limbs (cf, Part I). 


The calendar date of each quoted experiment is given so that seasonal allowance 
may be made in considering the results. 


Exe. VIII, March. (See also p. 269, and Fig. 2.) Ten sets of ten pairs each, taken 


10.15—10.30, Resting in skins to 11,15. 11,1611. 46. Room temp. 12°8°C. 
Gas and air chambers 18° C. throughout. | 
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42-4 gms. estimated immediately 
422 ,, » after 44 hours, coal os ne 224 
424 ,, ” » St inair. 066 
43°7 ” oxygen one *065 
41°0 ,, ” » 23 4, im oxygen "038 
381 ,, 1 hour in flask at 45° 0. 


Exp. IX. March, ‘(See page 264, and Fig, 2.) Four sets of 10 pairs each. 
Room temp. 15°C. 


Limb Nett muscle | : 
weights weight ZnL, 


a. 678gms. 40-0 gms. estimated directly 
b. -67°8 (say) 40 estimated after simple immersion (as in IV) in 
alcohol (95°/,)at 15°C. forljhours ... 
c. 685 (say) 40-4 estimated after simple immersion in alcohol 
| (95 °/,) at 1—3° ©, for 14 hours . 059 


d. 683 (say) 40-4 muscles cut off and dropped direct into boiling 
‘water. Water evaporated: residue extracted 
with alcohol and this added to extract of muscle ef 


Zine oxide determined on the combined residues =83'86 °/, (Theory 88°42 "/,). 


Exp. X. May. (See p. 272, and Fig. 3.) Six sets of 10 pairs each, taken 10.30 a.m. — 
Room temp. 12°5°C. Shuffled and weighed sets arranged each to hang upon a thread 
freely within a vertical tube. The tabes connected in series and s current of hydrogen 
Tubes maintained at 16°C. throughout. — 


Muscle weights ‘Time in hydrogen 
a. 87-6 gms. 0 hours directly) 045 
b. 87°6 5 eee "114 
39°2 113 ,, ‘141 
d.. 39°9 ie “20 
89°3 854 ,, 


The condition of the muscles at the times of by 
induced shocks from coll with Mehromate cells in primary: 


painful to tongue). 
¢. (11% hours), muscles contract well, sec, coil at 8 cm. (painful to tongue), a few thigh 
_ muscles unexcitable. 
d. (214 hours), none irritable, sec, coil at 0 cm., muscles natural in appearance, but 
limbs beginning to be stiff. 
stimuli. 
(854 houre), same, faint putrefactive smell 
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Exp. XII. December, (See p. 273, Fig. 4.) 90 frogs pithed. All material kept on 
ice during manipulation. Limbs removed, shuffled, and divided into sets of 10 isp ar 
One set ground immediately. Each of remaining sets placed in separate tube. and 
hydrogen passed through series. --Temp. 12°5° C. 


Hours Muscle weight Increase per 10 hours 

ds estimated directly  44°5 gms. 031 | 

47-1 061 088 

d. 31 46-1 | 

é. 47 45°5 232 040 

57 638 872 

67 46°8 481 

he 47-2 476 lent) 

i. (then br. 44:7 520 

at 45°C.) 


almost exactly linear. Then follows the acceleration discussed on pp. 277, 278. In this 
eS production at 12° did quite reach the level of heat rigor 
production. 

Expr. XIII. January. Stimulated in series, 
in six chains of six each, by strong interrupted current, 11.20 a.m.—1.15 p.m. Room 


temp. 18°C, Skinned, weighed and shuffied. One set placed in water-jacketed chamber 
maintained at 12°C, 


| Muscle weight 
a. Fatigued limbs estimated directly gms, 252°), 
Ge ” after 7, hours exposure 
oxygen atmosphere ra 28°5 48 


11,15—1.15 p.m. Room temp, 13°5° 0. Skinned, weighed, shuffled. Two sets to oxygen 
chamber at 18°5° C. " 
Muscle weight Znl, 


a. Fatigued limbs estimated directly .. 45°7 gms. “225 
b. ” ” (tor duplicate) 48°7 213 
¢. » 5 hours in’oxygen 479 
d. ” ” ” ” 44°8. 


Shia! oxide cn products from (a) and combined=88:20 per cent. 
(Theory requires 88°42.) 


Exp. XV. February. 60 limb pairs taken. Stimulated as in last Eixp. 10,85 a.m,—12.40 
p-m. Room temp. 15°5°@. Skinned, weighed, shuffled. Four sets of 12 pairs each 
supplied with oxygen. Oxygen current started 2 p.m. 


Muscle weight 
. Fatigued limbs, estimated directly ... is 40°38 gms. 218 °/, 


” ” ” after 2 hours 10 mins. in oxygen 89°9 215 

” ” ” » 5. 5 ” [lost] 

” ” ” » 5 ” 40°0. 223 
” ” » 20 » ” 39°38 269 
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- Exe, XVL. February. 48 pairs taken. Stimulated ‘as in last, 10.40 a.m.—12.10 p.m. 
Room temp. 14°C. Three sets of 12 pairs each in chambers at 30° C., supplied with 


| Zul,: 
a. Fatigued limbs, estimated directly gms. "197 

after 2} hoursin oxygen 452 


d. ” 94 ” ; 45:4 


Exp. XVII. March. 48 pairs taken, Stimulated as in last Exp. 10.30—11.45 a.m. 
Room temp. 12°5° ©, Three sets of 12 each in chambers supplied with oxygen, maintained 
at 2—8° C. throughout. 3 | 


Muscle weight ZoL, 
a. Fatigued limbs, estimated directly. 
b. ” ” after 2 hours in oxygen "154 
” ” ” » § ” 35°1 *151 
d. ” ” ” 10 ” 


c and d, perfectly fresh in appearance and very flaccid and normally translucent. But 
(1 Dan. coil? at 0 cm.) 


XVIII. March. Stimulated 11.10 a.m.—1.10 p.m. 
175°C. Five sets of 12 each. Three sets in chambers with oxygen supply, maintained — 
at 15—16°C. Oxygen started 2.10 p.m. 


Muscle weight ZnL, 
a, Fatigned limbs, estimated directly... 87°6 gms. ‘1479, 
after 24 hours in oxygen 88°6 107 
C. ” ” i ” 85°4 097 
d, ” ” 3 | 088 


Exp. XIX. March, (See p. 282, and Fig. 5.) 60 limb pairs taken. One set of 12 
estimated as resting muscle. Remainder stimulated, unskinned, in chains, as in last Exp. 
10.45 a.m.—12.5 p.m, Room temp. 18°5° C. Shuffied and weighed to four sets of 12 each. 
Three sets in oxygen chambers, maintained at 15° C. Oxygen started 1.5 p.m. 

Muscleweight 


a, Resting limbs, estimated at 10.25a.m. 58‘lgms. %/, 
Fatigued limbs, estimated directly (1.10 p.m.) .. j|§ 545 

is » efter 2 hours in oxygen 54°5 “169 


Exe. XXVIII. April, 40 frogs pithed. All hind limbs tetanised by stimulation with 
induced current of spinal cords for 45 minutes. Tetanus periods of five minutes alternate 
with rests of 3 minutes. ee eee 
| | Muscle weight 
a. 20 limbs, fatigued by indirect stimulation _... 696 gms, 203%, 
. 0 , »» and estimated after 3 hours in oxygen 66-9 "149 
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. Exp. XX. July. (See p. 265.) Five sets of 12 each taken at 11.45 a.m. Room temp. 
20°C, At 12.30 p.m. one set estimated directly. 12.50 p.m. two sets in chamber traversed 


by current of CO,, two sets in chamber supplied with chloroform vapour: chambers ~ 


maintained throughout at 20°C. 


‘@. 872gms., estimated directly ... 06 °/, 
89°1 ” after 4 hours CO, “064 
é. 40°0 ,, ” »» ” “445 
- Coil, 1 Daniell in prim. circuit. | 


b. All muscles give good response, sec. coil at 5 cm. 
c. None Gv at 0m, 0 tbe thigh are sight 


d. “Very stiff : 
e. Maximum rigidity, — 
* Zine oxide determined on (d), 88°41 per cent. Theary requires 88-42. 


Exe, XXI. July. (See p. 272, and Fig. 3.) 100 limb pairs taken, 9.30.. ‘Shuffling — 


and weighing over ice. Instruments, plates and vessels previously sterilised. Each 
of 10 threaded chains of 10 limbs each, secured in a glass tube, three inches diam., 
in which it hung freely exposed on all sides. Each tube was three feet long: and all were 
clamped vertically upon a stand which was bodily immersed: in a very large cask of: water. 
Hydrogen was passed through all tubes (see p. 271) from 12.80 p.m. Pyrogallate test 
negative at 1.20, Water temperature 21° ©. throughout. 7 

Muscle weight 


1.30 p.m., chain a taken and estimated after 1 hour  B849gms. 07%, 
4.35 ,, ” ” 4 hours 35°2 
8.45 ,, » ” ” 152 5, “81 

12.50pm., , ” 33°2 “376 


on fous yrodnain, 99-08 por cont., lack three, per 
Pyrogallate test was applied at every hour named, and gave negative results throughout. 


6.85 1 Daniell in coil!, coil? at 5 


8.45 p.m. Same. 


11.0 p.m. Coil? at 5 cm. At most thighs 


slight response. 
12.50 a.m. Coil, at 0cm. Thighs all 0, Most gastrocnemii respond. ‘Thighs spastic. 
3.45 a.m. Some muscles stiff, rest spastic: Responses as in last. 


6.0a.m. All but two limbs stiff and clotted. No response to stimuli exoept that two 
gastrocnemii give surface flicker. Coil, at 0 cm. 


10 a.m.- All stiff and clotted, no trace of response. No signs of putrefaction. 
Zine oxide determined on products of:(b), (c); and- (d) combined = 83° on (f 
and (g) combined = 33°24 ; on and (i) combined = 83°91, 
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| Exe. XXH. Angust. (See p. 272 and Fig. 3.) 90 pairs‘taken 10 a.m. Room temp. 
| -22° C, - All operations over ice, and with sterilised apparatus,” Nine chains of: 10 pairs 
-each in vertical tubes fixed to stand, plunged in cask under water maintained throughout 
iat 18°5° C. current. whole series at 12 noon. test at 1.15 
negative. 
5 38.30 » ” ” 34 ” 36°8 
Ss » 18 ,, 35°8 “24 
816 
215p.m.h 5, 26% ,, 864 $82 


‘Pyrogallate test negative throughou 
12.30a.m. ¢. Slightly spastic. Coil? at. 10 cm. (just felt by tongue) gastrocnemii fair 


a 


2 B. response. Thighs slight B. response. 

BS 6.0a.m. f. Distinctly spastic. Coil? at 5 cm., same responses as coil? at 10 em. in 
last. Ooil,atl0cm.,0. 

S 10.0a.m. g. Fairly stiff, knees straight. Coil? at 5 cm., gastrocnemii just respond, 
és Coil? at 0 em., thighs just respond. 


49 


2.15 p.m, h. As in last, but most thighs give no response at all. ' 
9.15 p.m. Stiff and clotted. Se 
faintest surface flicker). 


oxide determined on (J), (9) (A), and ( combined =88°86 


Exe, XXII. ‘seed (Seo p. 272, and Fig. 8.) Eight pairs taken. Last Exp. 
Ze repeated in every detail save that hydrogen current was used to establish the anwrobic 
, condition instead of nitrogen, soon after the beginning. Nitrogen current started at 
8.15 p.m.: at midnight it failed accidentally and was replaced by hydrogen current. 
eS Temp. of water cask maintained at 18°5° C. 


Muscle weight Znlg 
. 10.15 p.m., a taken after 2 hours 38-9 gms. bool 
6.30 , » 224 ” 40°7 "294 
50pm h , 45 4, 


Pred 1 Dan. in coil!, Coil? at 5 om. All but few thigh ninscles give fair B. and 
M. response. 
6.30 p.m. Coil? at 0 cm.: most gastroenemii give good response All thighs give slight 


flickering response. 
11.40 p.m. Coil? at 0 cm. All unexcitable, but one gastrocnemius which gave flicker. 
11.0 a.m, Stiff and quite unexcitable. 
oxide determined on (a), and (c) combined = 80-95 par on (9), and 
(hk) combined = 83°55 per cent. 
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_ XXIV. Angust: (See p, 288;) 100 token 


skins; All stimulated in series to active connection by strong interrupted current. 
Separate coil (2 Dan.) and circuits to each 12—15 limbs, Stimulation 11.12 a.m,—12.12 
p.m, (including four periods of five minutes rest). Limbs skinned, shuffled (on iced plates) 
and weighed, to give 10 sets of 10 pairs each. Room temp. 22°C. One set estimated 
directly, Seven sets were severally chopped up with scissors and the chopped muscle of 


a. let whole, det 249, 
chopped 


b. ” ” , and ” 82°6 *B34 
d. ” ” » oxygen ,, 18} ,, 87°5 "106 
é. chopped, in oxygen tube 3 hours 32°6 
” ” ” 54 82°6 -402 
h. »» im hydrogen tube 8 hours $2°6 “488 
i. 9 ” “99 54 ” 82°6 °457 
k. ” ” ” ” 18 ” 491 
APPENDIX IL. 


A colour reaction for lactie acid, 


us in the preliminary stages of this research. It was introduced by one of us (F. G. H.) 
two years ago, but no account of it has yet appeared in any Journal!. 

more easily observed than the yellowing of Ueffelmann’s reagent, but it hes the die- 
advantage of requiring the use of strong sulphuric acid and cannot therefore be applied 
directly to material which chars with that acid. 

The reagents required are : (1) & very dilute alcoholic solution of thiophene (10 to'20 
drops in 100 ¢.c.); (2) a saturated solution of copper sulphate, and (3) ordinary strong 
sulphuric acid. The test is applied as follows :— 

A glass beaker containing water briskly boiling should be ready to hand. About 5 c.c. 
of strong sulphuric acid are placed in a test-tube, together with one drop of the strong 
copper sulphate solution which serves to catalyse the oxidation that follows. To this 
mixture a few drops (the reaction being very delicate) of the solution to be tested are 
added, and the whole well shaken. The test-tube is now placed in the beaker water bath 


pabinseetpdestsetansis » ‘The tube is then well cooled under a water tap, two to three 
ution are added from a pipette ; the tube is replaced in the , 


drops of the thiophene 
boiling water and the contents immediately observed. If lactic acid were present the fluid, 
rapidly and in a highly characteristic manner, assumes a bright cherry-red colour which is 
only permanent if the test-tube be cooled immediately after its appeafance. 

Cooling, as described, should always be carried out before the addition of the thiophene, 
as the gradual appearance of the colour, ee ee 


much more delicate. 
‘It has described, however, ral 
mbridge and London), 1904, See page 7. 03 
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The colour change is undoubtedly, due to an aldehyde reaction with thiophene, but the 
production of aldehyde during the preliminary oxidation appears to be associated with 
some special condensation or other change, as the test seems to be proportionately much 
more delicate for lactic acid than for acetic aldehyde. 

_ Aleohol gives no trace of aldehyde, or any colour reaction, under the conditions of the 
test; but if ether is to be used for a preliminary extraction of the lactic acid it must first 
be well washed with water to remove aldehyde-yielding products. 

The reaction is not given by any carbohydrate examined, at any rate not in concentra- 
tions such as will, by absence of notable charring, allow the colour change to be observed. 
From any mixture which chars with strong sulphuric, the lactic acid must, of course, be 
first extracted by some suitable process. 


The test is not wholly specific, thongh much more so than is Ueffelmann’s reaction. It _ 


is given by malic acid and probably by other a-oxy acids. Acetic aldehyde and glyoxylic 
acid give a colour with thiophene and sulphuric acid direct, but it is somewhat remarkable 
that though lactic acid may be supposed to yield the test because of conversion into either 
one of those substances during the oxidation, yet both are so rapidly destroyed by heating 
on the water bath with sulphuric acid and copper that they no longer react with thiophene 
after the briefest exposure to this treatment. The exact nature of the reaction needs 
therefore further elucidation. | 

A great number of physiological products have been submitted to the test but always 
with negative results, and at present it appears that for physiologieal material it may be 
considered as specific. 
The oxidation goes best when little or no water is present in the mixture, and before 
applying the test it is well to obtain the lactic acid in alcoholic solution, or a solid residue 


_ suspected of containing it may be directly dissolved in the sulphuric acid. It may, how. 


ever, be immediately applied to filtered washings from a stomach, or to any aqueous 
extract which contains lactic acid in such quantity that only a few drops are required. 
A milligramme of acid can be easily detected. 

The test will supply qualitative indications as to the condition of frogs’ muscles, and 
the description of an experiment which makes an excellent class demonstration will serve 
to illustrate its use. A frog is pithed and afterwards allowed to remain quiescent for half 
an hour or so, care being taken that the circulation in the hind limbs is not impeded by 
pressure or flexion. Both hind limbs are then removed and the muscles of one, 
immediately after cutting from the bones, are rapidly ground with sand, under 20 
or 80 c.c. of ice cold alcohol. The other limb muscles may then be stimulated or caused 
to go into heat-rigor, after which they are ground under alcohol. The alcoholic extracts 
from each limb are evaporated to dryness and the residues rubbed up with a few cubic 
centimetres of hot water. To each aqueous extract a decigramme or so of finely powdered 
charcoal is added ; each is heated to boiling in a test-tube and filtered. The filtrates are 
evaporated in small glass basins and each dry residue is dissolved in 5 o.c. of strong 
sulphuric acid, and the acid transferred to a test-tube for the application of the test as 
described. Not more than two to three drops of the thiophene should be added after 
oxidation. Thé testing Tinh usually gives negative resction, 
yields a brilliant colour. 

and some experience is of advantage in choosing the optimum amount to add in any 
case. Before using the test in practice it-is well to experiment with a one per cent. 
alcoholic solution of lactic acid and the weak thiophene solution as described above, 


ay 
a 
A 
pied 
3 
4 
a 
3 
wa 
3 
'y 
a9 


THE ANALYSIS OF COMPLEX EXCITABLE TISSUES | 
BY THEIR RESPONSE TO ELECTRIC CURRENTS 
OF SHORT DURATION. By KEITH LUCAS, Fellow 


of Trinity College, Cambridge. 


(From the Physiological Laboratory, Cambridge, and the Laboratory 


WHEN the duration of an electric current sent through a muscle or a 
nerve is decreased beyond certain limits, the current strength which 
just suffices to. produce an excitation is increased. This fact was first 
observed by Fick in 1863". It has led many physiologists to abandon 
the doctrine, which du Bois-Reymond? originally maintained, of the 
paramount excitatory value of current variation, and to seek for a 
relation between the excitatory effect and some factor such as the 3 
current strength, the electrical energy expended, or the quantity of : 
electricity passed, Formule have actually been put forward by a 
Hoorweg’, Weiss‘, and M, and Mme Lapicque’, connecting the ex- 
citatory effect with these various factors. And at first sight it does 
seem as though some such factor, which varies with the time of passage 
of the electric current, would have to be taken into account; for in 
Fick’s experiment the excitatory effect became less. when the duration 
of the current was alone decreased. But Fick* also observed a simajlar 
effect if for duration of current he substituted duration of break in 
a constant current. He passed a constant current through a muscle, 


1 Fick. pur Substanzen, p. 20. Braun- 
schweig. 1863. 
* Du BoisReymond. ther, Elektricitat, 1. p. 258. 
_ § Hoorweg. Arch. f. d. ges. Physiol. um. p..87. 1892. 

‘ Weiss. Arch. Ital. Biol. xxxv. p, 488. 1901. 

5 M. and Mme Lapieque. Journ. de Physiol. et de Path. v. p- 991. 1903. ihe an 
account of other work dealing with the same subject see Weiss loc. cit. pp. 418-528. 

* Fick, loc. cit. p. 21. 
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and cut off this current for variable times: the shorter the time during 
which ne current. passed, the less was the excitatory effect. The funda- 


mee importance of this experiment seems to have been overlooked 


entirely, until Woodworth’ made the same experiment independently 
while working on amphibian smooth muscle. Woodworth’s observa- 
tion was confirmed by Stewart? for mammalian smooth muscle. The 
interpretation which Woodworth gave to his experiment was that the 
opposed effects of make and break upon the muscle interfered one with 
the other more and more as the time interval separating them was 


made less. And this seems a most reasonable supposition. For we 


have ample evidence that at each electrode the effect of make is 
opposite to that of break. At the cathode, for example, make of the 
current produces excitation, break produces inhibition. And if make 
follows break at so short an interval that the inhibitory effect of the 
break has not yet died out when the make occurs, it is clear that the 
make-excitation will have to contend against an existing inhibited condi- 
tion of the tissue, and so will be less effective. Indeed this seems to be 
the only explanation which will fit the experiments made with short 
intervals of no current. For in such cases the factors such as energy 
and quantity, which have been called in to explain the action of short 
currents, actually become less as the interval becomes longer and the 
excitation greater. | 

If then the interference of the: effects of make and break is a factor — 
of sufficient importance to explain the inefficacy of short intervals of no 
current, may it not also account for the fact that currents of short 
duration become less effective as they become shorter? Currents of 
short duration excite at the cathode* only, so that in considering how 
the effects of make and break may interfere, we may consider first 
what goes on at the cathode. The make of the current sets up an 
excitation at the cathode, the break causes inhibition. It does therefore 
seem possible that the break-inhibition may quash the make-excitation 
if it occurs before the latter has reached its full development. And the 
earlier during the development of make-excitation that the break- 
inhibition occurs, the more potent will the latter be in arresting the 
former. At the anode of course inhibition precedes excitation, and it 
may be that the failure of the anodic break excitation to appear with 


1 Woodworth. Amer. Journ. Physiol. 111. p. 4}. 1900. 
2 Stewart. Amer. Journ, Physiol. rv. p. 197. 1901. 
3 Of. Lapicque. C. R. Acad. des Sciences, oxu. p. 587. 1905. 
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" minimal strength of current is due to the start which the anodic rmaake 


inhibition gets. 

The interference of the effects of make and break affords therefore 
a possible explanation of the behaviour both of currents of short 
duration and of short intervals of no current. Any explanation, on the 
other hand, which rests upon such factors of the current as energy 
or quantity can at best explain only the case of currents of short 
duration. *It seemed to me worth while to enquire whether the 
relation of the duration to the voltage required for minimal excitation 
presented the same peculiarities when short durations of no current were 
used as it does with short durations of current. For the form which that 
relation takes cannot be ascribed in the case of short currents to’ the 
importance of energy or of quantity as the determining factor of 
excitation, if it holds also for short intervals of no current, in which the 
effects of energy or quantity cannot exist. If indeed this is found to be 
so, we shall have strong evidence that the interference of the effects of | 
make and break is the important factor in both cases. 

The fundamental points which all experimenters have found by 
determining the minimal voltages required for excitation at various 
current durations are the following’. 

1. As the duration of the current is Ate: as voltage 
increases at first slowly, and then more and more rapidly. 

2. As the duration of the current is decreased the quantity 
decreases approximately along a straight line. . 

3. As the duration of the current is decreased the energy falls to a 
minimum and then again increases. 

In the following section are described some experiments which show 
that these relations are also found when one uses short intervals of no 
current, Of course in this case it is absurd to speak of quantity and 
energy, since no quantity and no energy pass during the interval; but 
the point on which I wish to lay stress is that the value of tv and the 
value of tv (where ¢ is the interval between make and break, and v the 
voltage at which minimal excitation occurs) change in the same way 
with changes in the value of ¢ whether tv and ¢v* represent actual 
_ quantity and energy or are meaningless. For, this being the case, we 
must infer that the relation between the value of ¢ and the values of tv 


1 These three points are illustrated by Hoorweg, Arch. f. d, ges. Physiol. um. p. 87. 
1892 (spec. Fig. 8, p. 97), and many examples may be seen in Weiss, Arch. Ital. Biol. 
pp. 845, 991. 1903. 
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or tv’ is not due to any actual part which quantity or energy play in 
excitation, but is due to some cause common to the case of short 
currents and the case of short intervals of no current. What that 
common cause probably is I have already indicated. 


IL. Eaperiments with breaks of short duration. 

Woodworth’s experiment was of a very simple nature, owing to 
the long intervals between break and make necessary to excite smooth 
muscle. But with intervals of the short duration required by nerve it 
is no longer possible to make circuit directly by pressing two metal 
contacts together; the risk of the contacts rebounding is too — 
great’. Every change in the circuit must be brought about by 
means of a break of contact. I therefore arranged the circuit as shown 
diagrammatically in Fig. 1. The three wires ABO, each a metre long 


a 
Fig. 1. Arrangement of circuit for obtaining short breaks in a current. 


and of about 5 ohms resistance, are in parallel in the battery circuit as 
long as the two keys &, and k, are closed. When &, is opened the 
greater part of the current flows along A and through k,, that which 
flows by B and C being negligible owing to the much lower resistance 
of the path by. &,. When k, is also opened, the three resistances ABC 
are in series. By suitable adjustment of the resistance R the potential 
difference between the ends of the wire C, which is used as the 
potentiometer wire, can be made practically identical whether &, 
and k, are both closed or both open. If then the keys &, and k, are 
closed at the start, there will be a current flowing through the derived 
circuit in which the nerve lies; when k, is broken this current will 
cease; and when fk, is also broken the current will resume its former 
value. 

The mechanism used for breaking the keys k, and k, at the required 
intervals of time is shown in Fig. 2. A heavy pendulum J, 100 mm. 


1 Of, M. and Mme Lapieque. Journ. de Physiol. et de Path. vi. p. 867. 1904. 
20—2 
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in length, swings on the ball-bearing axle A. The pendulum carries a 
light steel arm H 547mm. long. The hook H retains the pendulum 
in a position 102° from its vertical position. The hook H carries two 
notches, the lower of which is used for releasing the pendulum, while 
the upper automatically catches it after it has made one double swing. 
The key &, is moveable along a slide S placed tangential to the arc 
described by the extreme end of F, touching that arc at the point 


Fig. 2. Pendulum used for opening keys at the required intervals of time. 


where the pendulum is vertical. The key &, is struck by the arm £ at 
about 50mm. before the vertical position of the latter. The travel of 
k, along its slide allows the two keys to be struck open by £ either 
simultaneously or at any interval up to 150mm. The carriage on 
which &, slides is furnished with a scale of millimetres read by a 
microscope (not shown in the figure). The time which intervenes 
between the opening of the keys k, and k, is calculated from the 
observed time of swing of the pendulum and the tangential distance 
separating k, and k,. The velocity of the extreme end of the 
arm £ at the instant after &, has been struck is 5760 mm. per sec. — 

In the experiments made upon the sciatic nerve I used the 
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fluid electrodes described in a previous paper’. The gastrocnemius 
muscle was used as an index of excitation of the nerve. 

The procedure was to determine first by means of the potentiometer 
wire (C, Fig. 1), the minimum voltage at which the make of current 
was effective -when acting alone. The keys k, and k, were then set so 
that the make was preceded by a break at some chosen short interval of 
time, and the minimum voltage was determined again. The current 
was a descending one, so that make alone was effective, while break 
alone was ineffective. Below are given the details of an experi- 
ment of this type. The cases in which the time interval between 
break and make is given as «, are those in which the make alone was 


Exp. 1, Sciatic of Frog. Temperature 81°C, Resistance of nerve and electrodes 
66000 ohms. : 


a 0°094 volt 
0°017 sec. 0142 

0°091 
0°017 0-189 

0-088 
0:0087 

0-094 
00087 0°205 

0-094 
0:0052 0°334 

0°094 
00052 0-334 

0-091 
0°0026 0°567 


The minimum voltage for make alone was tested before and after 
every observation made with a short interval between break and make, 
and the results are sufficiently concordant to show that the nerve | 
remained in good condition throughout the experiment. The mean 
results of the observations are:— — 


Tinpo interval Voltage for 
a 0°092 volt 
0°017 sec. 0-140 
0°0087 0-194 
00052 0°334 
00026 0:567 


1 Keith Lucas. This Journal, xxxtv. p. 375. 1906. 
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The results of this experiment are plotted in Fig. 3, the abscissa - 


measuring values of ¢ (interval between break and make), while as 
ordinates there are shown the corresponding values of v (minimal 
voltage), of tv, and of tv. It will be observed that as the values of ¢ 
decrease :— 
(1) vv increases slowly at first and then more and more rapidly ; 
_ (2) tw decreases approximately in a straight line ; 

(3) ww is increasing with the three smallest values of ¢ No 
marked minimum is shown in the plotted points, but it is evident that 
ty? must previously have decreased with decreasing values of ¢, for with 
t= cc the value of v is not much less than it is with ¢=0°017 sec. It 
is therefore probable that the value of év* corresponding to t= 0°017 sec. 
lies on the decreasing limb of the curve. The actual minimum shown 
in the curve of Fig. 3 is obtained by interpolation of values of tv* from 
values of v found at several points along the curve relating ¢ to v, 
between the values of ¢ = 0°017 sec. and ¢ = 0°0087 sec. 


INF@ 


i 
SEC. 0:04 


Fig. 3. Exp. 1. Sciatic of Frog. Variable durations of no current. Relation of values’ 


of v, tv, and tv? to values of t. Abscissw, 1 division=0-01 sec. Ordinates for v, 


1 division=0‘1 volt. For tv 1 division =0-001 tv ; for tv? 1 division =0-0001 tv?; where 


t is in seconds and v in volts. 


It is to be regretted that the experiment could not be carried over a 


larger range of ¢, but the prolonged passage of constant current through 
the nerve is apt to cause irregularity. The actual values plotted are :— 
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t (sec.) 
0°017 
0-0087 
0°0052 
00026 


The same three facts are observed in Exp. 2, the details of shia: are 
tabulated below and plotted in Fig. 4. In this cafe the minimum of tv’ 
is more clearly shown than in Exp. 1. 


ty 

0-0024 
00017 
00017 
0°0015 


ty? 

0000383 
0000326 
0°000581 
0000883 


INF. 


Sec 


Exe. 2. Sciatic of Frog. Temperature 8°1° C. Rasistanes of nerve and electrodes 


56000 ohms. 


Time interval 


ce 
0°017- sec. 

0°017 

0°0087 


Fig. 4. Exp. 2. The values of ordinates and abscissm are the same as in Fig. 3, except for. 
tv*, which is doubled to avoid confusion with the other curves. 
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Mean values: 

0017 0099 00017 000017 
00087 0-123 0-0011 000013 
0-0052 0°196 00010 000019 
0°0026 0-384 0-0010 


It appears’ then from these- experiments that the same general 
relation between the time interval. and the values of tv or of tv* holds 
whether current passes during the interval or does not pass. I conclude 
that the form of the relation between the duration of the interval and 
the minimum voltage is determined mainly by the interference of make 
and break in both cases, not by the excitatory effect of energy or of 
quantity of electricity. 

Moreover, as I shall now attempt to show, the hatin of make 
and break affords a satisfactory explanation of the correspondence 
which has been observed to exist between the rapidity of the excitation 
process in any tissue and the shortness of current at which an increase 
of the minimum voltage is first observed. And this correspondence 
receives no satisfactory explanation on the view that the energy or 

the quantity of electricity is the important factor in excitation. 


Ill. The relation of current duration to minimum voltage as 
affected by the rapidity with which excitation develops. 

Much detailed work has been done recently upon the exact relation 
between the duration of a current and the minimal voltage which 
suffices for excitation. The investigation of this -relation in many 
different animals—the work of M. and Mme.Lapicque’ and of Weiss? 
—has led to the generalisation that the duration of current at which 
the voltage necessary for excitation begins to increase is proportioned 
to the duration of the contraction in each tissue. In one paper M. and 
Mme Lapicque? speak of a similiar relation to the duration of excita- 


tion, and Weiss‘ points out that the voltage begins to increase at a 


duration of current which is about equal to the latent period of the 
tissue coneerned. But no satisfactory hypothesis has been put forward 


1 M. and Mme Lapicque. C. R. Acad. des Sciences, cxxxvi. p. 1147, 1908; oxxxvt. 
p. 1477; cxu. p. 801, 1905. Journ. de Physiol. et de Path. v. pp. 848, 991. 1903. 

*? Weiss. Arch. Ital. Biol. xxxv. pp. 464-436. 1901. 

* M. and Mme Lapicque. C. R. Acad. des Sciences. cxu. p. 801. 1905. 

* Weiss. Journ. de Physiol. et de Path. tv. p. 823. 1901. 
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to account for these relations, If, however, we suppose that the excita- 


ky, ky, were those shown in Fig. 2. The circuit was arranged as in 
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tory disturbance, which is directly caused by the stimulus, reaches its . 
full development in a time which is roughly proportional in each tissue 
to the duration of contraction and to the duration of the latent period, 
a supposition which is probably just, then the interference of the effects 
of make and break will account for the relation which is observed to 
exist between the duration of contraction or of latent period and the 
duration of current at which the voltage begins to increase. For as the 
duration of the current is decreased, the inhibition produced at the 
cathode by breaking the current can only begin to render less effective 
the excitatory disturbance previously set up by the make, if it occurs 
before the latter has reached its full development. In this way the time 
interval at which break following make just begins to render necessary 
an increased voltage for excitation is seen to be equal to the time 
which the excitatory disturbance requires for its full development. 


IV. The use of the relation last discussed for the analysis 
of complex excitable tissues. 


Not only the tissues of different animals, but also the different 
tissues of one animal show regular differences in the relation between 
the duration of the exciting current and its minimal voltage. And 
these differences are due, if the view which has just been put forward is 
correct, to the different rates at which the excitatory disturbances 
proceed. For example, I have found the following relations from 
experiments made on the sciatic nerve and on the nerveless part of the 
sartorius muscle in the Toad. 

The apparatus used for obtaining short currents of variable duration 
was in the main that already described. The pendulum and keys, 


Fig. 5. The wires A and B are each one metre long. A is of about 
5 ohms resistance, B of negligible resistance. The battery current is 
led to the brass pieces C and D which form the extreme ends of A, 
with a series resistance R of about 40 ohms. The-slider S makes 
contact between A and B, and is used for varying the potential differ- 
ence between D and EF. As long as k, and k, are closed, D and £ are 
short circuited; so that practically no current flows by the circuit 
through &, and the nerve. When k, is opened, while k, remains closed, 
current flows through &, and the nerve. When both &, and &, are 
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opened the nerve is cut out of circuit, . The time during which current 
flows through the nerve is. therefore the interval between the opening 
of k, and the opening of %,.: In principle’ this method is identical with 
that used by Weiss’, and the particular arrangement of the citcuit 
shown in Fig. 3 was adopted in order that self-induction might be 
reduced to a minimum by the twisting together of the several pairs of 
leads in which the current undergoes large variations. | 

The tissue to be expitert was set up in the fluid electrodes peers 


mentioned. 


Fig. 5. Arrangement of circuit for obtaining currents of short duration. 


| j Two experiments made on the trunk of the sciatic nerve in the Toad 
gave the follow .ag results. 


Exr. 3. Sciatic nerve of Toad. About 8 mm, of nerve between electrodes. Descending 
current. Temperature 10°1° C, 


Duration of current Duration of current 
00070 sec. 0°102 volt 0°080 
00070 0°104 00017 0°154 
00035 0-130 0-080 
00085 0-180 00085 0-110 
© 0-098 00085 | 0-106 
00017 0°077 
0°0017 0-150 0:0070 0-080 
0-091 0°0070 0-080 
0:00087 0-180 
0°00087 0-182 Mean values 
0-068 « 0-086 E 
0-00043 0-250 0:0035 9-119 
0-068 00017 0-152. 
0°00087 0-178 


000048 


1 Weiss, rch. Ital. Biol. xxxv. p. 482. 190i. 
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Exp. 4, Sciatic nerve of Toad. Descending current. ‘Temperature 10-2° ©. 


0-083 volt 0-080 
0°0070 sec. 0086 000052 0211 
0°0070 0°086 000052 0°210 
0°085 
0°0085 0-109 values: | 
00035 0°109 0-082 
0081 00070 0086 
0°0017 0°126 6-0035 0°109 
00017 0°126 00017 0-126 
0-083 0°00087 0-158 
000087 0°158 000052 0-211 
0-00087 0°157 


In Fig. 6 are plotted the results of Exp. 3. It will be observed that 
the voltage required for minimal excitation is doubled when the dura- 
tion of the current is reduced to about 0°001 sec. A like increase of 
voltage is reached in Exp. 4 with the duration 0°0008 sec. 


O-SF 


vo LT. 


BEC. | 
| Fig. 7. 


Fig. 6. Exp. 3. Relation of current duration to minimum voltage in the sciatic nerve of 
the Toad. 


One division of the ordinate=0°1 volt. 
One division of the abscissa =0-01 second. } 


Fig. 7. Exp. 5. Relation of current duration to minimum voltage in the nerve-free pelvic 
end of the Toad’s sartorius. 
the abscissa =0-01 second. | 
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Exp. 5, which is tabulated below and plotted in Fig. 7, was made 
upon the nerve-free end of the Toad’s sartorius. The voltage required 
for excitation is doubled at the duration 0:017 sec. This duration is 
more than ten times as great as that found above in the —- 
made upon ‘the nerve trunk. 


Exp. 5. Nerve-free pelvic end of Toad’s sartorius. Temperature 10°1° C. 


Duration of current phew Duration of current 
0-076 volt 0°0052 0-484 
0°017 sec. 0149 0-076 
0017 0°153 0:0035 0°760 
0°081 | 
0°012 0°183 Mean values 
0:012 0°183 0°077 
0-076 0°017 0°151 
00087 0-229 0°012 0-183 
0°0087 0-225 0°0087 0°227 
0-076 0°0052 
0°0052 0-432 0°0035 0°760 


There is then a marked difference between the curve relating 
current duration to minimum voltage in the nerve-trunk and the 
corresponding curve for the nerveless muscle, a difference which is due, 
if we have viewed correctly the action of currents of short duration, to 
the greater rapidity with which the excitatory disturbance develops in 
the nerve. And this difference may be used for determining what 
excitable substances are called into action when currents of short 
- duration are applied to that part of the sartorius where nerves enter. 
The following results, obtained from an experiment made on the region 
of nerve-entry in the same muscle as was used in Exp. 5, show how this 
analysis can be made. 

The results of Exp. 5B are plotted in Fig. 8. The curve is 
complex, but consists obviously of a series of curves similar in general 
form to those of Fig. 6 or Fig. 7. Consider first the portion of the 
curve lying between B and C. It resembles fairly closely the simple 
curve of Fig. 6 obtained by stimulation of the sciatic nerve. The 
voltage in this case is constant for durations exceeding about 0°01 sec., 
and is doubled with a duration of 0°003 sec. ; in Fig. 6 the voltage is 
constant for durations exceeding about 0009 sec., and is doubled at 
0'001 sec. On the other hand there is a very wide divergence between 
either of these curves and that obtained from the nerve-free muscle 
(Fig. 7), where the voltage is changing considerably at 0°02 sec., and is 
doubled with a duration as long as 0°017 sec. Therefore it appears 
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_ Exp. 5B. Same muscle as that used in Exp. 5. Electrodes applied to the region of 
nerve entry. Temperature 10-2° C. 


Duration of current Duration of current 
0°093 volt 0-102 
0°026 sec. 0-161 000052 0-404 
0026 0-166 000052 0°404 
0°093 ag 0-102 
0°017 0161 0:00026 0-433 
0°017 0-161 0-00026 0-429 
7 0°166 0:000087 0°595 
0°012 0°166 0°000087 0-608 
0-098 
00087 0°170 Mean values : 
4 00087 0-166 0-101 
0°102 0-026 0-168 
0:0052 0°195 0-012 0-166 
0°102 0°0087 0-168 
0°0085 0°297 00052 0°193 
00035 0-297 0-0035 0°297 
0-102 00017 0-397 
0°0017 0-399 0°00087 0°399 
0°0017 0-395 0°00052 0°404 
0-102 000026 0-481 
0:399 0-000087 0-601 
000087 0-399 
SEC. 0-0! 


Fig. 8. Exp. 5B, Relation of current-duration to minimal voltage in the middle part of 
the Toad’s Sartorius. One division of the abscissa=0-01 second, one division of the 
ordinate=0°1 volt. 
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probable that the tiene of the curve lying between B and C is 


obtained by excitation of the substance which IT have called‘ the 
substance y of the nerve-trunks’. : 


Between ( and D the voltage changes considerably, and such a : 


change does not occur in the corresponding part of Fig. 6, where the 
nerve-trunk alone is being excited. But the curve of Fig. 7, obtained 
by excitation of the nerveless muscle, does show a change of voltage 


going on at the longest durations tested, so that the change of voltage 
between C and D may well be due to the excitation of the substance a 
of the muscle, may be i in fact a portion of a curve similar to that of — 


Fig. 7°. 

Between A and B there isa portion of a curve in which the voltage 
is constant at durations exceeding 0°0009 sec. and is doubled at about 
000005 sec. This must be due to the presence of an excitable 
substance whose excitatory disturbance develops in about one-tenth of 


the time occupied by that of the nerve. It is probable that this is — 


the substance which I have previously described as the substance 8, 
for that substance was always, in experiments made with condenser 
discharges, excited by the discharges of shortest duration. 

In this way the application of a series of currents of different 
durations serves for the analysis of a complex excitable tissue. The 
present method is easier of application than the method of condenser- 
discharges which I have previously used*, partly owing to the difficulty 
of maintaining standard capacities true to their values, and partly 
because the present method does not require a knowledge of _ 
resistance of the tissue used. 

_I have previously used the time of discharge at which energy is at a 
minimum as the label for each excitable substance found, and this 
method might of course be applied as well to the results obtained from 
the present short currents as to those obtained from condenser- 
discharges. For example in Exp. 5 the energy (volts* x duration) is at 
a minimum when the duration is 000087 sec. The relation of the 
minimum of energy to a duration-voltage curve such as that of Fig. 6 
may be regarded in the following way. At durations exceeding about 


' Keith Lucas. This Journal, xxxv. p. 111, 1906. See note below. 

2 The apparatus at present available does not afford range enough of current durations 
to permit the precise exploration of this part of the curve. I hope soon to have an 
instrament giving wider range. The experiments described here are used merely as 
illustrations of the method of analysis, and do not claim to deal exhaustively with the 
tissues upon which they are made. 

® Keith Lucas. This Journal, xxxiv. p. 372, 1906, and xxxv. p. 103. 1906. - 
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. 0:007 sec. the voltage (v) is. practically constant, so that as the duration* 


(t) is decreased from infinity to 0°007 sec. v* will scarcely change, and 
therefore the product vt, which measures the energy, will decrease. On 
the other hand at durations less than about 0:0004 sec. v is obviously 
increasing extremely rapidly for very small decreases in the value of ¢, 


_ and v* is increasing more rapidly still, so that at these durations the 


value of vt increases with decreasing values of ¢. At some point 
between the durations 0°007 sec. and 0°0004 sec. the change from 
decreasing to increasing values of v% will take place, and at this point. 
energy will be at a minimum. On comparing Fig. 6 with Fig. 7 we see 
that in the latter both the part of the curve in which v is constant, and 
the part in which v is increasing very rapidly for small changes of f, 
are displaced ‘considerably to the right. In Fig. 7, therefore, the 
minimum of energy which lies between these parts of the curve occurs 
at a much larger value of ¢ than in Fig. 6. In fact the minimum is at 
a value larger than t=0°017 sec., the largest value of ¢ used in the 
experiment. In this way the value of ¢ at which energy is at a minimum 
comes to bear a relation to the value of ¢ at which v just begins to 
change, and so © the time in which the excitatory disturbance 


develops. 


But the duration at which the voltage is doubled can be determined 
more precisely and with less calculation than that at which energy is at 
a minimum? I propose then to adopt as a label for each excitable 
substance the duration at which the minimal voltage is doubled. And 
since this duration will bear in each tissue a relation to the time 
in which excitation reaches its full development, I shall speak of it as 
the ‘ excitation-time’ of the tissue. The excitation times determined in 
this paper will be approximately, 


for the substance a ...... 0017 sec, . 
” ” B 000005 sec, 


when the temperature is between 10° and 11°C. 7 

The whole possibility of applying currents of short duration, 
whether battery currents or condenser-discharges, to the analysis of a 
complex excitable tissue depends upon the remarkable fact that in such 
a tissue the minimum voltage which will excite each substance is 


1 M, and Mme Lapicque (C. R. Acad. des Sciences, oxu.. p. 803, 1905), have proposed 
to use the duration at which the voltage is just perceptibly increased, but it is obviously 
difficult to determine this with precision. i 
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inversely proportional to the excitation-time of the substance. For 

example in Exp. 5B, the minimum voltages are, for @ 0°10 volt, for 

~ y 0°16 volt, and for 8 0°40 volt. If this order were reversed, so that 8 

had the lowest. minimum voltage, it is obvious that for all durations 

of current 8 would alone be excited by a minimal voltage, and the 
method of analysis would fail. 

In order to test whether this relation between excitation-time and 
minimal voltage held good in any tissues other than the sartorius — 
muscles of the Frog and the Toad, I made experiments upon the muscles 
and nerves of the Lobster. 


2 Ewperiments on the muscles und nerves of the Lobster. 


These experiments were made at a time when the apparatus for 

obtaining short galvanic currents was not yet available. The method 

of condenser-discharges was therefore used, the circuit being arranged 
in the manner which I have described in a previous paper’. 

The claw of the Lobster was removed, separation taking place at the 
joint between the basipodite and the ischiopodite. Non-polarisable 
kaolin electrodes were applied, one to the open end of the ischiopodite, 
the other to a hole bored in the shell of the meropodite. The positions 

of the electrodes are the shaded areas A and B in Fig. 9. The limb was 


Fig. 9. Claw of Lobster showing the points at which the shell was bored for the application 
of non-polarisable electrodes. The hole D is on the farther side of the claw, - Left 
claw seen from below. 


clamped to a stand, and a lever, attached to the dactylopodite, was 
arranged either to move over a scale or to write on a smoked drum. The 
tendon of the abductor muscle was cut, so that the movements of the | 
‘adductor only were recorded. 


' Keith Lucas. This Journal, xxx1v. p. 874. 1906. Fig. 2. 
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Since the experiments were made during September, at tem- 
peratures ranging from 18° to 20°C., the muscle was free from tone, and 
inhibition was not obtained with any stimuli used. : 

Exp. 6 is a typical example of the results obtained from stimulating 
in this way the nerve to the adductor muscle. The first. column shows 
the voltage to which the condenser was charged, the second the 
minimum capacity in microfarads at which excitation was obtained, the 
third the time (7')' taken by the current in falling to one-tenth.of its 


_ original value, the fourth the energy of the discharge in ergs, and the 


fifth the character of the muscle-contraction. 


Exp. 6, Nerve to adductor of Lobster’s claw. Tendon of abductor cut. Electrodes 
in ischiopodite and meropodite. Movement of dactylopodite taken as index of excitation. 
Resistance through which condenser was discharged 4240 ohms. Temperature 18°5° C. 


Character of 
Observation V (volts) F (microfarads) T seconds 5V 2F (ergs) contraction 
2°58 18°95 ; 608 slow 
2 2°80 14°9 0°145 586 ” 
8 8°14 11-4 . 0°112 562 min. 
4 8:57 8-9 0087 566 
4°13 6°8 0-067 580 ” 
6 4-90 58 0°052 687 9 
7 - 6°03 42 0-041 764 ” 
7°84 3°15 0°031 798° ” 
10 14-2 1:17 0-0115 941 quick 
ll 19°5 0°41 0°0040 622 min 
12 21-1 0-34 0°0033 758 ” 
18 25°2 0239 0:0023 758 ” 
14 312 0-162 0-0016 787 
15  40°9 0°106 0°00104 887 
16 48°5 0-098 0°00096 1152 


In Fig. 10 the results of this experiment are plotted to show the 
relation between the minimum voltage and the duration of the 
discharge. There is a break in the curve at B, giving the appearance 


_ of two curves crossing at that point, as the dotted lines suggest. If 


this interpretation of the curve is correct, we have here a fresh example 
of the association of shorter excitation-time with higher minimum 
voltage; for the continuation of the curve AB beyond B will obviously 
lie above the curve BO, so that the curve AB will have been obtained 
by the excitation of a substance having a shorter excitation-time, 


: T= <i; » where F is in farads, B in ohms, and T in seconds. 
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q 
% 
by 
¢ 
3 
* 
> 
MM i 
ite 
< 
4 
3 
3 
$2 ax 
> 
A 
ga. 
Ay 


KEITH LUCAS. 


and a higher minimum voltage than the substance which ith ~ 
curve BC. 

An examination of the energy used for excitation also points to ths 
presence ‘of two substances, one excited in observations 1—9, a second 
excited in observations 10—16. For there is a relative maximum of 
energy at observation 9, and a seiuacrarerteet minimum of energy on _ 
of this. | 


505; 


0-05 

Fig. 10. Exp. 6. Relation of current-duration to minimal voltage in nerve to adductor 
muscle of Lobster’s claw. Ordinates, 1 division=10 volts, abscisse, 1 division 
=0°10 sec. Observations 1, 2 and 8 are not plotted, 


Now the view that the point where two curves intersect, or the 
point where energy reaches a relative maximum, marks the transition 
- from one excitable substance to another, finds confirmation in a remark- 
able fact which the experiments on Frogs and Toads did not show. In 
observations 1—9 of this experiment the contraction was uniformly slow; 
at observation 10 it suddenly became about five times as rapid, and it — 
maintained the latter character during observations 10—-16. The change 
in character of the response therefore coincided exactly with the crossing 
of the curves at B and with the relative maximum of energy. An 
example of this change in the character of response is given in Fig. 11, 
which is taken from Exp. 7. 


Exe. 7. Resistance=8740 ohms. Temperature=19°5°C. Rate of movement a 
recording surface 82 mm. per sec. : 
V (volts) F (microfarads) T (seconds) 


Upper curve 14°2 0°17 
Lower curve 1-1 0°0095 


This coincidence of the crossing of the curves and of the relative 
maximum of energy with the change in character of the muscular — 
response was regularly observed in all experiments in which the nerve 
was esa It was observed whether the electrodes were aap across 
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the nerve only as at A—B (Fig. 9), or across the muscle itself, as at 
C—D (Fig. 9). An example of the latter sort is given in Exp. 8 A | 
repetition of this experiment (8 A), made about half an hour later, is also | 


: Fig. 11. Exp. 7. Two contractions of adductor muscle of Lobster’s claw, showing the 
4 change in the character of response with change in the duration of condenser 
3 discharge. | 
Upper curve, 7’ =0-17 sec. 
Lower curve, 7 =0-0096 sec. 
q Exp. 8. Adductor muscle of Lobster’s claw. Tendon of abductor cut. Electrodes on 
el opposite sides of propodite. Resistance through which condenser was discharged 5640 
ohms, Temperature 19°5° C. 
Observation  V(volts) ‘-F(microfarads) (seconds) (ergs) contraction. 
a 1 8-9 11-0 0-148 4360 slow 
2 10-8 0-078 2980 
8 11°2 42 0-055 2680 
4 14:2 2-25 0-029 2280 min. 
5 160 1-82 0-024 2820 
6 1-46 0-019 2410 
iq 1-19 0-0155 2650 
25-2 0-89 0-0116 2820 
9 81°2 0-70 0-0091 3400 
10 40-9 0-42 0-0055 8510 max. quick 
11 48°5 0-271 00085 8190 
12 0-179 0-0023 8170 min. 
ie 18 770 0°117 0°0015 3470 ” 
Exp, 8A. As 8, experiment made half an hour later. 
Observation (volts) F(microfarads) (seconds) 5V3F (ergs) contraction 
1 8°9 105 0°136 4160 slow. 
2 108 53 0-069 2820 
40 0°052 2500 ” 
14°2 2°17 0-028 2200 min. 
5 16°0 1:77 0-023 2260 ” 
.6 1°48 0°0186 2360 ” 
7 21°1 115 0°0149 2560 ” 
25°2 0°865 00112 2740 
9 31°2 0°690 0-0090 ” 
10 40°9 0-416 00054 8480 max. quick 
ill 48°5 0°274 0-0036 8220 ” 
59°65 0°180 0°0023 3190 min. 
18 970 0-115 00015 8410 
21—2 
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given in order to show how steady the condition of the adductor 
preparation remains. It will be seen that the minimum “capacities 
found for each voltage, and the positions of the maxima and minima of 
energy correspond very closely in the two experiments. 

I bring forward these experiments on the Lobster only because they 
bear upon the method of analysis by currents of short duration. They 
show that the relation between excitation-time and minimum voltage, 
on which the possibility of the method hangs, holds good outside the 


-amphibia ; and they strengthen the interpretation which T have placed 


upon the complex curves which a mixed excitable tissue yields. 
Towards the analysis of the neuromuscular apparatus in the Lobster they 
do not yet go far. It appears probable that the nerve to the adductor 
contains two excitable substances, each linked to a separate contractile 
substance in the muscle. But whether the separate substances are 


contained in separate nerve-fibres and in separate muscle-fibres, and — 


whether stimulation across the muscle itself excites directly the nerves 


_ alone, are questions which I leave aside. 


SUMMARY. 


When currents of short duration are employed for the excitation of 
muscle or nerve, decrease of the duration beyond certain limits renders 
necessary an increase of voltage if excitation is to result. This fact has 
led physiologists to look for some relation between excitation and either 
the energy expended or the quantity of electricity employed in the 
exciting current. 

But Woodworth has shown that the same is true for intervals of no 
current interrupting a constant current. In this case there can be no 
question of energy or quantity becoming less as the interval becomes 
shorter, since no current passes during the interval. He has proposed 
the explanation that the shorter intervals are less effective as stimuli 
because in them the opposed effects of make and break interfere more 
with one another. , 


Experiments described in this paper show that the same relations 


are observable between the values of ¢ (the duration of the interval) and . 


the values of ty or tv* (where v is the minimal voltage), whether the 


interval be one in which current passes or one in which current does not - 


pass. From this it is inferred that the energy expended and the 
quantity of electricity employed are not factors of importance in 
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excitation by currents of short duration, but that the relations above 
mentioned are determined both for currents of short duration and for 
short intervals of no current by the interference of the opposed —_— of 
make and break. 

Moreover the probability that the latter view is correct is saoieesed 
by its ability to explain the observed relation between the duration of 
current at which minimum voltage begins to increase and the rapidity 
with which the excitatory processes go on in any tissue. 

The difference exhibited by different tissues in this relation of 
current duration to minimum voltage can be used for the analysis 
of mixed excitable tissues. Experiments are described in which this — 
relation is determined for the nerve, the nerve-free muscle, and the 
region of nerve-entry in the muscle of the Toad. The curves relating 
current duration to minimum voltage in the first two are simple, 


whereas that obtained from the region of nerve-entry is complex, and 
appears to consist of at least three curves superposed. Two of the 


superposed curves can be recognised as the curves of nerve and of nerve- 
free muscle, while the third is probably that of the ‘substance 8’ 
described in a previous paper. It is shown how the minimum of energy, 
used in previous experiments for the identification of different excitable 
substances is related to the simple duration-voltage curve, and so to the 
rapidity of the excitatory process. | 

The possibility of using this method of analysis depends upon the 
fact that excitable substances whose excitatory processes develop 
more rapidly require a higher voltage for their excitation. A similar 
relation is shown to occur in the nerves of the Lobster. 

In the experiments made on the Lobster confirmation is obtained of 
the view that each break in the continuity of a duration-voltage curve, 


or each passage from one minimum of energy to another, implies a 


change in the excitable substance immediately affected by the stimulus. 


For a break of continuity in the curve, and a relative maximum of 


energy between two minima, are found to coincide with an abrupt 
change in the character of the muscular response. 


The work on the Lobster was carried out in 1906, while I held the Cambridge 
University Table at Plymouth. I wish to give my cordial thanks to Dr Allen and to the 
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ON THE ELIMINATION OF SULPHOCYANATES 


FROM THE BLOOD, AND THEIR SUPPOSED FOR- 


MATION IN THE SALIVARY GLANDS. By D. H. 


SOUZA, BSc. M.B,, BS. (Lond.). 
(From the Physiological Laboratory, University College, London.) 


THE presence in saliva of a substance giving a red colour with ferric 
chloride was discovered by Treviranus’. Tiedemann and Gmelin’ 
proved later that this substance was a sulphocyanate. Since that 
time it has been found by numerous observers to be a frequent but not 
constant constituent of human saliva, and an occasional constituent of 


the saliva of the dog. Moreover its presence has been demonstrated in — 


other parts of the organism; thus Leared’*, Gscheidlen‘, and others 
found it in the urine, Leared in the blood, Nencki® in the gastric 
juice, and Muck® in the conjunctival fluid and nasal secretion. 3 

A very clear summary of the work relating to the origin of the 
substance in the organism has been published recently by Willanen’, 
and only such facts will be mentioned here as have a direct bearing 
upon the subject-matter of this paper. 

Gscheidlen found that if saliva were prevented from entering the 
alimentary canal (as in an animal with salivary fistule), sulphocyanate, 
although present in the saliva, disappeared from the blood and urine. 
This result pointed to the salivary glands as the seat of formation of the 
substance. Tezner® investigated the changes in the diastatic activity 


and in the constituents of saliva under varying conditions and concluded 


that the formation of sulphocyanate was bound up with the salivary 
secretion, especially with the production of the enzyme. On the other 


1 Biologie, rv. p. 565. 1814, 
-® Recherches expér. sur la Digestion, 1. p. 8. 1827. 
® Proc. Roy. Soc. xvm. p. 16. 1869—70. 
4 Pfliiger’s Archiv. p. 401. 1877. 
5 Quoted by Willanen, Biochem. Ztschr. 1. p. 129. 1906. 
© Minchen. med. Wochenschr. xxxtv. p. 1168. 1900. 7 loc, cit. 
8 Archiv. intern. Physiol. 1. p. 168. 1905. 
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hand; Nencki and Schoumow-Simanowsky? found sulphocyanate in 


the gastric juice even when the saliva was prevented from entering the 
stomach, and, as pointed out above, Muck has found it in the conjunc- 
tival fluid and secretion of the nasal mucosa. Its presence in the urine | 
of animals fed with nitriles or hydro-cyanic acid was shown by Lang? 
and in the urine of animals fed with amino-acids by Willanen. 

A few experiments have been published relating to the absorption 
of sulphocyanate by the tissues and its excretion by the kidneys. 
Albert* fed rabbits with sulphocyanate and found, on post mortem 
examination, that the drug had permeated all the organs and tissues. 
Bruylants‘ pointed out that, after feeding with sulphocyanate, only a 
small part of the amount given could be recovered from the urine. 
Lang measured this amount in the case of a dog ‘and was able to 


recover only } of it in the urine. 


From a consideration of these facts it appears to be still uncertain 
whether the sulphocyanate is built up in the salivary glands or is 


_ merely a waste product in the blood, excreted by the kidneys and 


readily passing through into the secretions of the salivary and other 
glands. Accordingly the following research was undertaken. 

Method of estimation. The amount of sulphocyanate in the fluids 
investigated was determined colorimetrically after a preliminary 


treatment by Munk’s* method. The quantities used were necessarily 


small, 5c.c. or 10c.c. of the fluid as a rule. In the case of urine, for 
example, a measured quantity was treated with nitric acid and silver 
nitrate and filtered. The precipitate of silver chloride and silver 
sulphocyanate was washed with water and then the filter paper with 
the precipitate was broken up under water. Through this a current of | 
sulphuretted hydrogen was passed. The whole was then filtered, care 
being taken to squeeze as much of the liquid as possible out of the 
broken up filter paper. The filtrate was made up to 25cc. with 
distilled water, and was a colourless solution containing sulphocyanic 
acid. 

In the case of a fluid containing proteins, eg. saliva, a measured 
quantity of the fluid was mixed with four times its volume of 90°/, 
alcohol and left to stand over-night, to precipitate the proteins. These 
were then filtered off, and the filtrate was treated with nitric acid and - 


1 Archip. f. exp. Path. u. Pharmak, xxxtv. p. 382, 1894. 

2 Ibid. xxx1v, p. 247. 1894, Lancet, p. 494. 1898. 
* Jahresb. d. Tierchem, p. 134. 1888. 

5 Virchow’s Archiv. ux1x. p. 354. 1877. 
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334 oD, DE souza. 
silver nitrate. The sulphocyanate was recovered from the precipitate ; 
by the process described above. : a 


The amount of sulphocyanate in the colourless solution was estimated 
by a method which differed only in detail from one of the numerous 
colorimetric methods’ already in use. A solution of potassium 
sulphocyanate (1°/,) was standardised by titration with silver nitrate. 
From this others of lower strength were made as required. Iron alum 
(100 gms. in 300 c.c.) acidified with hydrochloric acid was used as 
indicator. To the liquid to be tested the acidified iron alum was added 
until all the sulphocyanate was converted into sulphocyanate of iron, 
i.e. until the deepest red colour was obtained. Solutions of potassium 
-sulphocyanate, of..known strength, were similarly treated. The 
graduated tube of a Haldane’s hsemoglobinometer-was then filled up to 
the 100 mark with the liquid, and an exactly similar tube was filled 
up to the 100 mark with the potassium sulphocyanate solution, the _ 
colour of which most nearly matched that of the liquid. The darker of 
the two solutions was diluted with distilled water until i/v}colour was 
the same as that of the other. The percentage of the one as compared 

- with the other was then read off. Knowing the strength of the 
potassium sulphocyanate solution, this gave one the strength of the 
other solution. Since this had been made up to 25.c.c., and the amount — 
of liquid (urine, saliva, etc.) originally taken was known, the percentage 
of sulphocyanate in the original liquid was at once obtained. — 

Animals and Anesthetics. Dogs were used in all cases. They were 
given morphia on the morning of the experiments, and A.c.E. just 
before and throughout the whole experiment. 


ig? 


ELIMINATION FROM THE BLOOD. 


Since most of the work done in connection with sulphocyanates in 

_ the organism has had reference to their presence in saliva and urine, 
the first series of experiments was carried out to compare the permea- 
bility.of the cells of the submaxillary gland and of the kidney to the 
substance. 
Method of experiment. The chordo-lingual nerves were exposed, 
ligatured, and divided, and cannule were placed in the submaxillary 
ducts. Cannule were placed also in both ureters from the groin, in one 
femoral artery for bleeding, and in either the external jugular or femoral 
vein for injection. A flow of saliva was produced by electrical stimula- 


Hoppe-Seyler’s Handbuch. Chem. Analyse, p. 512. 1908. 
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tion of the chordo-lingual nerves, and saliva and urine were collected | 

until there was enough for the purpose of estimation. A sample of 
‘ blood was then taken from the femoral artery. A measured amount of 
be sulphocyanate solution, in some cases made up to 50.cc. with 09°, 
at sodium chloride solution, was heated slightly above body temperature 
s ‘and injected into the vein, and the saliva and urine were again collected. 
In the earlier experiments potassium sulphocyanate was used for 
injection, but later on sodium sulphocyanate, being less depressant, was 
used instead. When a sufficient quantity of saliva and urine had been 
obtained, another sample of blood was taken from the femoral artery, 
and the animal was killed. The blood was allowed to clot and the 
serum removed the next day. The amount of ct nines in serum, 
saliva, and urine, was estimated. 


saliva obtained. 
~  $0¢.c. of 1°), KSCy injected into vein. Urine collected for 13? hours and another 
specimen of saliva obtained. 

Ezp. 2. Dog 89 kilos. Urine collected tor 2} hours and a specimen of submaxillary 
saliva obtained. Sample of blood taken. 

50 c.c, of 1°/, KSCy injected into vein. Shortly after this delirium cordis occurred. 
~ Both vagi were cut and the heart was kneaded from the abdomen. The heart recovered -— 
and secretion continued. Urine collected for 1 hour after injection and another specimen 
of saliva obtained. 


Exp. 8. Dog 525 kilos. Urine collected for 14 hours, but not enough obtained for 
testing. Specimen of submaxillary saliva obtained. Sample of blood taken. : 


25 c.c, of 5°/, NaSCy with 25 c.c. of 0°9°/, NaCl injected into vein. Urine collected 
for 24 hours and another specimen of saliva obtained. 


‘Kap. 4. Dog 8 kilos. of 
saliva obtained. Sample of blood taken. 

50 ¢.c. of 5°, NaSCy injected into vein. Urine collected for # hour and another 
specimen of saliva obtained, 


In none of these experiments was sulphocyanate found in the normal 
submaxillary saliva, nor was it found in the specimens of normal serum 
and urine examined. Taking the weight of the blood as +, the body 

weight, the percentage of sulphocyanate in the blood after injection was 
calculated. The following table shows the percentage amount in 
serum, sues ral saliva, and urine, after injection. 


Experiment number... 1 2 3 4 
Serum (1) Calculated amount after injection 0°06 0°07 0°31 0°42 
(2) Amount atend of experiment .. 0029 0-028 0-042 
0-088 


Urine eee eee eee 0-006 0-0057 0-01 
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It will be seen that the concentration of the substance ih the saliva 
never exceeds the concentration in the blood, though it appears to 
depend upon it, whereas the concentration in the urine in the fourth 
experiment exceeds that in the blood. Even a higher initial concentra- 
tion in the blood will not cause the amount in saliva to exceed that in 
serum. Thus in another experiment, in which the urine was not 
collected, the initial and final amounts in the serum were 0°5 and 0°093 
respectively, while the amount in the saliva was 0°05. 

The results in the case of the urine are not so simple, and this is 
no doubt due to the complexity of the renal tubules. When one 
remembers that the normal salts are more concentrated in the urine 
than in the blood, the low concentration of the sulphocyanate in the 
urine, as compared with its concentration in the serum in the first three 
experiments, is somewhat surprising, especially when compared with the 
result of the fourth experiment. In order to find an explanation for 
this behaviour of the kidney, the effect of diuresis on the excretion of 
sulphocyanates was next investigated. — 

The earliest of these experiments was similar in most respects to 
the experiments.already described. The urine was collected before and 
after injection of sodium sulphocyanate. In addition, however, a 
subsequent injection of half-saturated sodium sulphate was made into 
the vein, and another specimen of urine collected after this. A sample 
of normal blood was taken before injection, and the animal was bled at 
the end of the experiment. 

Exp. 5. Dog 6°75 kilos. Urine collected for 3 hours and a specimen of submaxillary 
saliva obtained. Sample of blood taken. 

10 ¢.¢. of 5°/, NaSCy with 40¢.c. of 0-9°/, NaCl injected into vein. Urine collected 
for 1 hour 20 minutes. Salivary gland would not secrete. 

20 c,c. of half-saturated Na,SO, injected into vein. Urine collected for 40 abated: 


There was no sulphocyanate in the normal serum, saliva, and urine. After injection 
the following were the concentrations : 


Serum (1) initial 0-096 Urine (1) after NaSCy —-0-007 
(2) final 0-018 (2) after Na,8O, 0-002 
The last figure was obtained by direct estimation without preliminary treatment of the 
urine which was quite clear and colourless. 

Sodium sulphate diuresis, then, in this experiment diminished the 
concentration of sulphocyanates in the urine. Unfortunately the 
quantity of urine collected was not measured, so that one could not tell 
whether there was increase or diminution in the total output of 
sulphocyanates in a given time. Attention was paid to this point in 
the next two experiments, These differed from the preceding in that 
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instead of an injection, the animal was given sodium — with 
its food several hours before the experiment. | 


Exp. 6. Dog 14°85 kilos. 6 gms. NaSCy given with food 44 hours previously. 
Specimen of saliva obtained. Urine collected for 70 minutes then sample of blood taken. 

50 c.c. of half-saturated Na,SO, injected into vein. Urine collected for 835 minutes, 

-Eap. 7. Dog 8°65 kilos. 5 gms, NaSCy given with food 47 hours previously. Urine 
collected for 1 hour then sample of blood taken. 

50 ¢.c. of half-saturated Na,SO, injected into vein. Urine collected for 10 minutes. 


In Exp. 6 the saliva contained 00057 %/, The wing results are 
shown in the following table. 


Right ureter. | 
- Before 85 18 0-005 0°39 0-009 
After 85 11°4 0-0026 0-296 0-08 
Left ureter 
Before 85 98. 0-0048 0-45 0-009 
After 35 13°6 0-0024 0-88 0-08 
Eap. 7 3 
Total | Before 10 0°92 0°25 2-29 0-028 
urine } After 10 16°8 0-0055 0-92 0-023 


If the percentage of sulphocyanate in the tissues be taken as the. 
same as that in the blood: in the early part of these experiments, it 
follows, from the above figures and the weight of the animal, that, in 
these two experiments, 26°7 °/, and 39°8 °/, of the sulphocyanates given 
with the food were still in the body 44 hours and 47 hours respectively, 
after ingestion. Bruylant and Lang showed, after feeding an animal with 
sulphocyanate, that only a small amount could be recovered from the 
urine. The above results supplement theirs, for we see from them that 
sulphocyanates in the food are readily absorbed and remain as ‘such in 
the body for a considerable time. It will be seen later (Exp. 14) that 
as much as 22'5'/, remained in the body of an animal 72 hours after 
ingestion. 

With regard to the behaviour of the kidney it is evident that 
sodium sulphate diuresis causes a diminution not only in the concentra- 
tion but also in the actual amount of sulphocyanate turned out in 
@ given time. A similar effect of sodium sulphate diuresis has been 
found by other observers in the case of sodium chloride. In fact 
Brodie and Miss Cullis' use this result as an argument —— the 


1 This Journal, xxx1v. p. 224. 1906. 
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838 D. H. DE SOUZA. 
Bowman- Heidenhain and the modified Ludwig theories of urinary 


secretion. One must admit that, at first sight, it appears improbable — 


that the tubule cells absorb more chloride during diuresis than they did 
before, but further proof is required before absorption by the tubule 
cells is negatived altogether. One knows that, in the healthy animal, 
practically all the bile-salts turned out in the bile are reabsorbed lower 
down the alimentary canal. Sodium chloride is a substance necessary 
to the well-being of the organism and it is possible that if an animal 
were accustomed to receive only just sufficient sodium chloride to 
satisfy physiological requirements and no more, it would adjust its 
excretory mechanism so that all the chloride turned out by the 
glomeruli would be reabsorbed by the tubules, If, however, the 
chlorides be in excess, enough would be reabsorbed to maintain the 
normal chloride equilibrium in the tissues, and the rest allowed to 
escape. Now suppose that from any cause, eg. sodium sulphate 
diuresis, the animal is threatened with rapid loss of its chlorides. In 
order to check this, the mechanism of the process of absorption may 


be so nicely adjusted that the increase in the rate of absorption by the | 


tubule cells may more than compensate for the increased rapidity of 
flow of the dissolved chloride in the tubules. Such absorption could be 
prevented by previously saturating the cells with chloride. In reactions 
which do not involve decomposition of the SCN group sulphocyanates 
bear a strong resemblance to chlorides. One has only to glance at the 
method employed in these experiments to obtain sulphocyanates from 
protein solutions to see this. It is probable that, if the substance be 
given in non-toxic doses, the tissues behave towards it just as they do 
towards chlorides, and the mode of excretion is the same. If this be so, 
one would expect that previous saturation of the tubule cells with 
sulphocyanates, as suggested above for chlorides, would prevent the 
excessive absorption by the tubule cells during sodium sulphate diuresis. 
This was tried in the next experiment. | 


Eap. 8. Dog 9°83 kilos, 2°5 gms. NaSCy given with food on each of the two days 
_ immediately preceding the experiment. Urine collected for 70 minutes—5°4¢.c. Then 
sample of blood taken. 


50 c.c. of half-saturated sodium sulphate injected into vein. Urine collected for four 
successive intervals of 10 minutes. 
I. IV. 
10°5 c.c. 8°7 c.c. 5°83 c.c. 8°38 c.c. 


The estimation in the lst sample of was made by the method The urine 
| 
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The following table shows the results obtained : | 


Before 10 077 0-25 1-98 0-055 
After I, 10 10°5 0-065 6-82 

87 0-0287 2497 

» Il. 10 53 «00287 
10 0-0275 0-91 0-055 


The concentration in the serum remained unchanged. This was 
also the case in the last experiment, For the large increase in 
concentration in the serum in Exp. 6, no explanation is forthcoming. 

As before, the concentration in the urine is diminished; but the 
actual output of sulphocyanate per 10 minutes is increased during the 
first half-hour of diuresis. This result accords with the suggestion made 
above regarding the probable effect of saturation on the output of 
sulphocyanates in a given time during diuresis and shows that one 
cannot negative absorption by the tubule cells because of the ordinary 
effect of sodium sulphate diuresis on the output of sulphocyanates, — 
Moreover, on looking back at the results of the first four experiments, 
it will be seen that the differences can be explained on the theory that 
the tubule cells absorb. Thus when a small amount of sulphocyanate 
was injected the cells absorbed the greater part of the substance turned 
out by the glomeruli, while after the injection of a large amount a portion 
was absorbed and the unabsorbed remainder was sufficient to raise 
considerably the concentration of the substance in the urine. 

On the other hand Lamy, Mayer’, Modrakowski* and others 
have shown that, during diuresis produced by salines, vacuoles are 
formed in the tubule cells, a fact pointing to secretion taking place in 
those cells. If the cells secrete, the appearance of a small amount of 
sulphocyanate in the urine would fall into line with the results 
obtained with the secretions of other glands, results which we shall 
now proceed to investigate. 

Seeing that the concentration of sulphocyanates in saliva depends 
upon the concentration in the serum, and never exceeds it, one 
suspected that the substance leaked out, so to speak, from the blood | 
into the saliva. One therefore looked for evidence of leakage into 
other secretions. The a juice was examined, and subsequently 
the bile. 

| 1 Comptes rendus, ix. p. 686, 1906, 
2 Pfliiger’s Archiv, p. 217. 1903. 
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H. DE SOUZA.” 
In the experiments on pancreatic juice the animal was anesthetised 


as already described. The abdomen was opened and a portion of 


intestine removed to make secretin. Cannulew were inserted into the 
pancreatic duct, into one jugular vein for injection, one femoral artery 
for bleeding, and in some cases into the other femoral artery for taking 
the blood-pressure. A maximum flow of pancreatic juice was 


maintained by injecting secretin into the vein. The pancreatic juice — 
was collected and a sample of blood taken. A measured amount of 


sulphocyanate was then injected and the pancreatic juice was again 
collected. When sufficient had been obtained another sample of blood 
_ was taken and the animal was killed. The following are three such 


experiments. 

Kap. 9. Dog kilos: Pancreatic juice collected for 40 minutes, then sample of blood 
taken. | 

50 ¢.0. of 1 %/, KSCy injected into vein. Pancreatic juice collected for 14 hours. 
- Eagp. 10. Dog 10°5 kilos. Pancreatic juice collected for $# hour, then sample of blood 
taken. 


50 c.c. of 1°/, KSCy injected into vein. Pancreatic juice collected for 1 hour. 


be Exp, 11. Dog 6°5 kilos. Pancreatic juice collected for 1 hour, then sample of blood 


taken. 
60 &.e, of 5 °/, NaSCy injected into vein. Pancreatic juice collected for 13 hours. 


_ There was no sulphocyanate in the normal serum and pancreatic 
juice in these experiments. The amounts after injection are shown as 
percentages in the following table. 
Experiment number... 9 10 
Serum (1) Calculated amount after injection pon | 0-062 0°5 
(2) Amount at end of experiment ... 0-05 0-021 0-096 
Pancreatic juice 3 0 0 0-05 


From this table it is evident that sulphocyanates pass out from the 
blood into the pancreatic juice, but not so readily as into the saliva, 
seeing that a greater initial concentration in the blood is necessary. 

One turned next to the consideration of the bile. Here the chief 
difficulty encountered was that of obtaining sufficient bile for purposes 
‘of estimation. Sufficient was sabebeies obtained in the following 
experiment. 

In this the gall-bladder was tapped to obtain a specimen of 
normal bile. A cannula was then placed in the common bile duct and 
a sample of blood amen from the femoral artery. 
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4 Exp. 12. Dog 6°76 kilos. Sample of blood taken. 
4 50 ¢.c. of 5 °/, NaSCy injected into vein. Wh in 
in the next 24 hours. 
a4 After injection the 
amounts were found: — 
Serum (1) Initial concentration 048> 
(2) Final concentration 0067 
Bile 1st collectiofi 7 0°045 
2nd collection 6038 


These numbers in the case of the bile must not be taken as 
absolute. The liquid obtained after preliminary preparation was not 
quite colourless but bad a slightly yellow tinge and this would detract 
somewhat from the accuracy of the estimation. However the numbers 
are sufficient to show that, after injection, an appreciable amount of 
passes from the blood into the bile. 


SUPPOSED FORMATION IN SALIVARY GLANDS. 


So far, no mention has been made of the parotid secretion. As the 
submaxillary and parotid glands show differences in their secretions, the 
results obtained with the submaxillary gland cannot be applied to the 
parotid without previously comparing the behaviour of the two glands. 
Such a comparison was made in the next experiment. The parotid 
saliva collected was obtained from both sides, a cannula being tied in 
each duct. The flow of saliva was produced by injections of pilocarpine 
nitrate (1°/,) instead of by nerve stimulation. 


Exp, 13. Dog 12°75 kilos. Saliva collected for 23 hours, then sample of blood taken. 
100 c.c. of 5 °/, NaSCy injected into vein. Saliva collected for 1} hours. 


Before After 
Result : 0°51 (initial 
Submazxillary 0 «0048 
Parotid 0-0067 (?) 


- The results obtained after injection are straightforward enough. 
The parotid saliva contained less sulphocyanate than the submaxillary 
and still less than the serum. Before injection the parotid saliva 
contained 0:0067°/, and the serum none, a result which suggests 
building up of the substance in the parotid gland. There was some 
reason to doubt the accuracy of this result, however, as the collecting 
tubes had been used in a previous experiment in which a large amount 
of sulphocyanate was injected and they may not have been thoroughly 
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cleaned after the experiment. The normal parotid saliva was examined 
- in three other animals and found to contain no sulphocyanate. 

The next step in the investigation was to see whether, under any 
circumstances, the gland can turn out the substance at a concentration 
higher than that in the blood. Accordingly the animal was fed with 
sulphocyanate before the two following experiments. 


Exp. 14, Dog 6°75 kilos. re Saliva 


collected for 44 hours. 
Result : Serum 0°01 
Submaxillary 00014 
Parotid Rather less 


The parotid saliva was not enouglf to estimate with. Acid iron alum was added direct — 


to both salivas and the colours compared. 


Eap. 15. Dog 64 kilos, 2°5 gms. NaSCy given with food 21 hours previously. 
Saliva collected for 2 hours, then sample of blood taken. 

10c.¢. of 5 °/, NaSCy with 40.0. of 0°9°/, NaCl injected into vein. Saliva collected 
for 12 hours. 


Before After 
Result : 0°182 (initial 
Serum 0-032 {0-083 ) | 
Submaxillary 0008 0-028 
Parotid 0007 0°005 


In calculating the initial concentration after injection, the concentration before injec- _ 


tion was taken into consideration. 


Both these experiments show that, after the animal has been fed 
with sulphocyanate, the concentration of the substance in the parotid 
saliva is slightly less than in the submaxillary, and much less than in 
the serum. Even the subsequent injection: of sulphocyanate in Exp. 15, 
while it raised the concentration in serum and submaxillary saliva, left 
the parotid saliva practically unchanged. In no case then is there 
evidence that, after feeding or injection, the animal cdn turn out 
sulphocyanate in the saliva at higher concentration than in the 
blood. | 

These experiments are of further interest for they bear out the 
statement, previously made in discussing Exps. 6 and 7, that sulpho- 
cyanates in the food are readily absorbed and remain as such in the 
body for a considerable time. Thus in Exp. 15, 82°/, of the amount 
given was still in the body 21 hours after ingestion, and in Exp. 14 as 
much as 22'5°/, was in the body 72 hours after ingestion. 

Bearing in mind Lang’s results with hydrocyanic acid, one decided 
to try whether, by injecting that substance, evidence could be acai 
of the formation of sulphocyanate in the salivary glands. 
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In the next experiment the animal was anesthetised as already 
described and a 0°04°/, solution of hydrocyanic acid was injected 
intravenously in small doses (about 1 ¢.c. at a time). The respirations 
were taken as a guide to the reaction of the animal to the substance. 
After the injections continued for some the 
saliva was collected. 3 

Eap. 16. Dog 7 kilos, During 2 hours 85 minutes 20 c.e. of 0-04", HON injected : 
into vein. | 

Submaxillary saliva obtained for hour by chorda stimulation. 

The urine was removed from the bladder after the death of + the 
animal, There was no sulphocyanate in serum, saliva or urine. The 
quantity of hydrocyanic acid injected was, however, very small, only 
0008 gms. and was probably too small to cause the formation of 
a perceptible amount of sulphocyanate. In two other cases an attempt 
was made to increase the amount injected, but both resulted in the 
death of the animal. Aceto-nitrile (another substance with which 
Lang fed his animals) is harmless if given to a dog in small doses for 
some days, yet such doses are sufficient to cause the appearance of an 
appreciable amount of sulphocyanate in the urine. This substance was 
therefore used in the next experiments. 

17. Dog 7 kilos. Fed with aceto-nitrile in 2 


before the experiment as follows.: 2 ¢.c., 2 ¢.c., 4 6.¢., 2 6.6., 4.6.¢.,—14 o.c. in 
Saliva obtained by nerve stimulation. Urine collected for 1 hour. | 


Result : Serum 90042 
Submaxillary saliva 0°0015 


18. Fed with eceto-nitrile in 9.0. doses in milk for three 
the: 4¢.0., 4 6.¢., 4 6:0.,—12 in all. 
Piloearpine injected to maintain a flow of saliva. Saliva collected for 2 hours. 


Result: Serum 00042. 
Submexillary saliva 00026 


Not only the urine, but also the serum and submaxillary ealiva 
contained sulphocyanate. The concentration in the urine was greater 


than that in the serum. This. was probably due to the fact that the 


substance had permeated the tissues and therefore much a ame by 
the tubule cells did not take place. 

No sulphocyanate was found in the parotid saliva, and the concen- 
tration in the submaxillary saliva was less than that in the serum. 
There is no evidence, then, of of the 3 in the 


salivary 
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‘ It. was thought that the result in the case of the parotid saliva 
might be due to this having a much smaller concentration in salts than 
the submaxillary saliva. The depression of the freezing point caused 
by these specimens was therefore compared. The submaxillary saliva 
caused a depression of 0°33° C., the parotid saliva one of 0°195° C. The 
solutions therefore correspond to a 0°56%/, and a.0'32%/, solution of 
sodium chloride respectively. Perhaps this difference in dilution is the 
_ explanation of the fact that, in both injection and feeding experiments, 


the parotid saliva contained than the 


saliva. 


CoNncLUSIONS. 


1, Sulphooyanates are rarely present in the dog. The following 
normal fluids, examined by me,. contained no sulphocyanate :—serum 


14 cases, submaxillary saliva 12, urine 6, pancreatic “_ 3, parotid 
saliva 3, 


Tn one doubtful case sulphocyanate was found i in the parotid saliva, 
2. Sulphocyanates pass out from the blood into the saliva, 


pancreatic juice, bile and urine. In the submaxillary saliva, pancreatic — 


juice, and bile, the concentration is always less than, and appears to 
depend upon, the concentration in the blood. 


3. The concentration in the urine may be less or greater than the 
concentration in the blood, and is diminished by sodium sulphate 


diuresis. The output of sulphocyanate in the urine in a given time is — 


also diminished by sodium sulphate diuresis unless the tubule cells be 
_ previously saturated with the substance to prevent absorption, in which 
case the output is increased by diuresis. All the results with the 
kidney can be explained on the theory that the glomeruli turn out the 


substance at a concentration equal to that in the blood, and that absorp- _ 


tion by the tubule cells regulates the final output. 


4. Sulphocyanates in the food are readily absorbed and remain as 


such in the body for a considerable time. 


5. After injection or feeding, the parotid saliva contains less 
sulphocyanate than the submaxillary and still less than the serum. 


6. After feeding with aceto-nitrile, sulphocyanates are present not 
only in the wring bus also in the'selive serum. The concentration 
in the saliva is less than in the serum. 
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In only one doubtful case, then, was there anything to show that 
L sulphocyanates are formed in the salivary glands. In fact the evidence 
a leads one to conclude that this substance is not a specific secretion of 
i the salivary glands, but merely a waste product in the blood which is 
ce turned out by the sulivary and other glands together with and in 
@ proportional concentration to the other salts of the secretions, 


In conclusion I wish to thank Prof. Starling for his kind assistance, 
more especially with the operative part of these experiments, and for 
much valuable advice throughout the whole of this research, 
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= . ACTION OF ALCOHOL ON THE CIRCULATION. 
| By W. E. DIXON, MA, MD. 


(From the Pharmacological Laboratory, Cambridge.) 


Few drugs have received so much attention as alcohol; yet its exact 
action is not clearly defined. To take for example the case of the 
heart, there are those who would have us believe that alcohol has a 
depressant action only, and there are others who produce experiments 
to show that it has a right to the title ‘cardiac stimulant.’ 

Previous work dealing with the action of alcohol on the circulation 
is very extensive and the more important papers only can be referred 
to here. For convenience of description the action will be taken under 
four sub-headings, (1) the rhythm of the heart ; om the cardiac output ; 
(3) the vessels ; (4) the blood-pressure. 


| Effect on cardiac rhythm. 


Zimmerberg’ experimented with frogs, cats, dogs, and men, and 
concluded that, when proper precautions were taken to avoid local 
irritation, alcohol did not alter the pulse rate. Von de Miihll and . 
Jaquet? experimented with eight convalescent men and concluded that 
alcohol in amounts varying from 50 to 100c.c. diluted to 20 per cent. 
had practically no action on the heart or circulation. Maki*, and 
Hemmeter* also state that alcohol does not alter the rhythm of the 
heart. Parkes and Wollowicz’, Marvaud‘’, Binz’, Foster’, and 


1 For an account of Zimmerberg’s work published in 1869 and of other observers 
who have come to similar conclusions, see Der cinfluss des Alkohols auf den Organismus, by 
G. Rosenfeld, 1901, 50-52, | 

2 Correspbl. Schw. Aertze, xx1. 457. 1891. 3 Dissertation Strassburg, 1884. 

* Trans, Med. and Chirur. Faculty Maryland, 1889, p. 230. 

5 Proc. Roy. Soc. London, xvint. 862. 1869-70. Also Parkis, ibid. xxu. 172. 1873-4. 

$ L’alcool, son action physiologique. Paris, 1872. 

7 “Lectures on Pharmacology.” New Syd. Soc. 1895, p. 320. Also see Bing u. 
v. Jaksch, Der Weingeist als Heilmittel, 1888, p. 4. 

8 Text Book of Physiology, Part 1, p. 875. 1898. 
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others state that. alcohol increases the pulse rate. Martin and 
Stephens’, gave l5cc. of alcohol to. a young man, taking due 
precautions as to dilution ; they failed to notice any change i in the 
pulse rate. 

_ Ringer and Richards" state that in health alcohol slows the pulse, 
whilst Lichtenfels and Fréhlich and von Jaksch describe a pre- 
liminary slowing followed by acceleration. Von Jaksch* administered 
8 c.c. of brandy to a number of children; he found decrease in the 
pulse rate in nine cases, an increase in one, and no change in two. 
After 3°2 grms. alcohol, properly diluted, the results were of the same 
character. 

From this medley of observations it is at once evident that whatever 
the changes in pulse rate may be they are neither constant nor of any 
great significance. The amount of time which has been expended on 
such observations is out of all proportion to their importance ; but it 
was formerly believed that if it could be shown that alcohol accelerated 


| Fig. 1. Sphygmographic tracings of two men. I is normal and II is taken about 30 secs. 


later after holding in the mouth a little 50°/, aleohol. III and IV are records from 
a second man under identical conditions. The time is constant throughout. 
the pulse, it had a right to the title ‘cardiac stimulant,’ When con- 
centrated alcohol, 20 to 50 per cent., is taken by the mouth the pulse 
during the space of a minute or two is always accelerated ; this is not 


- an action peculiar to alcohol and it can be observed after the adminis- 


tration of any irritant sich as mustard and water, or even after water 
alone if it is sufficiently hot. As is well known any mild peripheral 
stimulation causes acceleration of the pulse. 

To test the value of these statements I have performed a number of 
experiments on men using different stimulants, The subject was placed 
in as comfortable a position as possible; one radial artery was adapted 

tate Studies from the Biol. Laboratory, Johns Hopkins University, 1. 218. 1887. 


2 Lancet, 1. 209. 1866. 
* Der Weingeist als Heilmittel, 1888, 28. 


49 
; 
¥ 
@ 
+ 
4 
j 
i 
‘ 
‘4 
¢ 
has 
Fs 


348 prxon. 


to the sphygmograph so that the pulse could be recorded at will. 
Whilst the record was being taken the man was required to hold in 
his mouth for a few seconds, or to swallow, some of the stimulant. By 
this means it was easy to show that alcohol as a 50 per cent. solution 

was a more efficient “stimulant” than the other substances (mustard, 
essential oil, hot water) which were tried and that it quickened the heart 
considerably. If the alcohol was retained in the mouth a few seconds 4 
only and was then spat out, the effect quickly passed off, but if it was 

taken into the stomach the acceleration was prolonged for half an hour 
or longer. When the same amount of alcohol is given well diluted 
these effects are not seen. ; : 

If moderate doses of alcohol well diluted with water be administered 
to animals or men the pulse rate does not alter. I have tried these 
experiments over and over again and always with. the same results. 
The popular fallacy that alcohol quickens the pulse is clearly derived 
from the conditions under which alcohol is’usually taken. It. is well 
known that excitement of any kind quickens the heart and alcohol is 
generally taken under exciting circumstances. 


Fig. 2. Record of rabbit’s heart perfused with oxygenated Ringer’s solution. The heart 


had been perfused for an hour and at the indicated mark the fluid was changed for 
one containing 0°1°/, alcohol. Time=sees. 


_ Ifa heart is beating very feebly alcohol invariably accelerates the 
rhythm quite apart from the reflex effects just described; for example, at 
the end of a long perfusion experiment, small doses of alcohol not only 
improve the quality of the beat but increase the rate. This is shown 
in Fig. 2, which records a rabbit's heart that had been perfused during 
one hour with oxygenated saline; the beat had become very weak and 
slow, no doubt largely on account of the absence of any form of food- 
stuff, At this time the solution was changed to one containing 0°1 per 
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cent. of alcohol and ‘the rate of the beat increased Sicaiaiiiaihs In 
similar cases I have obtained like effect on the heart by the adminis- 


_ tration of glucose, 


Large doses of alcohol administered to the normal animal slow the 
heart beat. This action is not obtained on the isolated heart nor when — 


_ the vagi have been severed, but only in an animal having an intact 


medulla. Now alcohol administered in large doses behaves in many — 
respects like chloroform, and belongs to the same group of narcotics. 
7 differs rakes chloroform because within certain. limits it is oxidised 1 in 


Fig. 3. Dog. Cerebrum destroyed “but medulla uninjured. Record of respiration, 
intestinal volume, .and blood-pressure. At the mark, 10.0, 80°/, aleohol was injected 
into the femoral vein, At the two smaller marks the right and left vagi respectively 

Were severed. Time =sees. x}. 


the tissues. If then it is required to determine its action upon nervous 
structures neither chloroform nor other anesthetic substance should be 
present in the tissues. Large doses of alcohol administered to an 
animal under the influence of chloroform have little power of slowing 
the heart, but to the unanzsthetised animal the slowing may be very 
decided, or there may be even complete inhibition. Fig. 3 shows such 
a condition. The animal in this case was decerebrate but its medulla was 
intact and respiration active. It will be seen from this figure that the 
injection of the alcohol caused complete standstill of the heart, but that 
recovery is complete on section of the vagi. From this experiment it 
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reflexly.. 

Cerna!, Jaquet? and others have denied that alcohol excites the 
medulla, but in view of the conclusive experiments conducted by Binz 
and his colleagues* on respiration it must be conceded that alcohol to 

both men ‘and animals is a decided stimulant to the medulla. Such | 
stimulation being granted, Schmiederberg and his pupils would ; 
regard it as due to dissolution of the higher centres and not a primary = 
effect on the medulla. My experiments show, conclusively, that large © 
doses of alcohol increase the activity of the medulla for a period during 
which the heart-beat becomes slower ; and this effect cannot be due to 
dissolution since the animal is decerebrate. Large doses of alcohol 
ultimately produce depression of the medulla and the heart quickens 
again. In smaller doses the effect on the vagal centre is not apparent - 
though the effect on the respiratory centre, as Binz has clearly shown, = 

From these facts it is evident that after administering alcohol many . 
factors are at work tending to alter the rate of the heart. First the i 
strength of the alcohol must be considered, concentrated doses exciting = 8 § 
the mucous membrane of the mouth and stomach and causing reflex _ 

acceleration ; then the conditions under which it is imbibed, exciting or 
otherwise ; the quantity taken and the amount of. iaamagaal dilatation 
are other important factors which require controlling. ' 


Martin and Stevens‘ perfused the dog’s heart. by the. method 
devised. by Martin. They found that 0:125 per cent. alcohol by volume 
in the perfusing blood had no effect, but that double this strength 
diminished the work of the heart in one minute. They assumed that 
this amount of alcohol ‘was equivalent to taking 5 ounces of brandy. 
Hemmeter’ and Bock‘ confirmed these results; they considered that 
alcohol had no special effect on the heart. Hemmeter’, working with 
Ludwig’s Stromuhr, showed that alcohol increased. the velocity of the i” 

1 Phystological Aspects of the Liquor Problem. Boston, 1. p. 102. : i 
2 Arch. de Pharm. 11, 107. 1896. } 
2 Gentralbl. f. Klin. Med. 1895, Berlin Klin. Woch. 1908, 45 and 79. 
‘ Studies from the Biol. Lab, Johns Hopkins Univ. 1. 218. 1887. : 
5 Studies from the Biol. Lab. Johns Hopkins Univ. rv. 5. 1889. Soe aa 
* Arch. f. exp. Path, u. Pharm. x11. 168, 1898. 
New York Med, Rec. 1891, p. 292. 
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circulation in the dog’s carotid; and this has been confirmed by Wood 
and Hoyt’. Loeb* perfused the isolated cat’s heart with saline and 
found that alcohol, in amounts varying from 0°13 to 03 per cent., 
generally increased the force of the beat. Larger doses depressed the 


Fig. 6. 

Fig. 4. Rabbit’s heart perfused with Ringer-Locke solution, The second part of the 
tracing shows the effect of perfusing with 0°08°/, alcohol. The effect is typical. 

Fig. 6. Record of rabbit's heart perfused with Ringer-Locke fluid. This rabbit had been 
previously dosed with alcohol for some 8 weeks. The second portion of apaeagg 
shows the effect on the heart 10 mins. after perfusing with 0°1°/, alcohol. 


Fig. 5. Record of rabbit’s heart perfused with Ringer-Locke solution. A is the normal 
beat. B shows the effect after perfusing for 2 mins. with 0°4°/, alcohol. C shows 
the effect of increasing the alcohol-to 0°8°/,: the heart beats at first more vigorously 
but the toxic effect is soon obtained. The muscle retains considerable tonus. Time 
=secs. x 4. 


1 National Acad. of Science, U.S.A. x. 48. 1905. 
Arch. f. exp. Path. u, Pharm, un, 459. 1904, 
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heart. Somewhat similiar results have: also been obtained by Koch- — 
mann’. Tunnicliffe and Rosenheim’ with the same methods 
obtained little effect on the rabbit's heart. 7 

The first series of experiments were conducted upon the iealated 
rabbit’s heart perfused with Ringer-Locke’s solution by means of the 
Langendorff apparatus. The hearts were allowed to record for about — 
one hour and when the beat was quite constant the saline solution was 
_ changed to one containing the alcohol. It was found that certain — 
strengths of alcohol generally increased the amplitude of the con- 
tractions. This effect was observed in strengths varying from 0°05 to 
0'3 per cent. in the rabbit. It was most marked in feeble hearts which 
had been beating for some hours without nutriment, and was least 
marked or even entirely absent from vigorous organs, especially when 
these were freshly isolated or provided with nourishment such as 
glucose. Fig. 4 shows a record of the movements of the left ventricle in 
a heart which had been beating with saline solution alone for half an 
hour; by the addition of alcohol to 0°08 per cent. a permanent effect 
was ecodused as shown in the second half of the tracing. Fig. 5 shows 


_ the effect on another heart which had also been beating for about half 


an hour; first 04 per cent. of alcohol was used and then 0°8 per cent. 
It will be seen that for a short period the stronger alcohol increases the 
force of the beat but that this is quickly followed by decided weakening, 
the heart nevertheless retaining considerable tonus. Fig. 6 shows the 
effect of perfusing 02 per cent. of alcohol through the heart of an im- 
munised rabbit: the animal had previously for the space of three weeks 
been given daily doses of alcohol by subcutaneous injection. At first 
1 gramme per kilo body weight was given and this was later increased to 
15 grammes. It will be noticed that the increase in the heart beat is 

in this case very considerable. This experiment was repeated in 
another case and the effect was of the same nature but not so decided. 
Without laying too much stress on these two experiments there can 
be little doubt that within certain narrow limits the heart can adapt 
itself so as to deal with and make use of the alcohol just as we know 
the body as a whole is able to do. But complete proof of this will only 
be forthcoming when it is shown that the alcohol in the perfusing fluid 
disappears in part or whole after passing through the heart : such — 
ments are being arranged i in this laboratory. | 


1 Arch. Internat. Pharmacodynamie et de Therapie, x11. 829. 1904. (Literature. ) 
® Proc. Phys. Soc. This Journal, xx1x. 15. 1908. 
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. _ If alcohol in greater concentration such as 2 per cent. bs perfused 
; through the coronary vessels for a short period such as 30 seconds the 
i force of the beat is greatly diminished ; the muscle fibre is not injured 
4 however because when the alcohol is replaced by saline not. only does 
the heart recover completely but the beats become much more vigorous 


Fig. 7. Record of rabbit’s heart perfused with Ringer-Locke solution. Shows the 
typical effect of injecting alcohol into the side tube (1 ¢.¢.2°/,). There is no alteration 
in the rate. x4. 


than before (Fig. 7). These experiments on the isolated rabbit’s heart 
have been repeated on the cat and the results obtained are of the same 


Fig. 8. Dog, 12 kilos, pithed (brain and medulla completely destroyed). Morphine. 
_ Cardiometer and blood-pressure. A is the normal. B shows the effect 8 mins. after 
the injection of 10 ¢.c. of a 80°, solution of alcohol into a vein. (Note the increase 
of cardiac output, and the rise in B.P.) Time=secs. x }. 


Another series of experiments was conducted on she hearts of cats 
and dogs with the circulation intact. In these experiments the brain 
was usually destroyed, but in a few cases the animals were anwsthetised 
with chloroform and urethane. The heart was enclosed in a glass 
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— cardiometer and the movements of the air recorded, so that as the heart 
_~*_ fills with blood the recording lever rises and during systole of the heart 
+ ~~ the lever falls, The results of such experiments show that the action of 
alcohol, whether administered intravenously or subcutaneously, is to ‘ 
inerease the output from the heart ; relaxation is greater than before and 
the systole is somewhat increased, Fig. 8 shows the effect of injecting _ 
10 c.c, of 30 per cent. aleohol into the femoral vein of a dog, the second . 
portion of the tracing shows the condition three minutes after injection. | 

The cardiac output is considerably augmented and blood-pressure is in- 
creased. Fig. 9 shows the typical effect of a large dose of alcohol injected — 


Fig. 9, Cat. Brain and medulla completely destroyed by pithing. Cardiometer and 
B.P. Shows the effect of injecting 2 c.c. of 30°, aleohol. This large dose at first 
causes the typical toxic action with dilatation of the heart. As the alcohol becomes 
diluted recovery occurs and the heart as recorded on the right of the tracing is 
working much more efficiently than before the injection. «x }. 


into the jugular vein of a cat. It reaches the heart but little diluted and 
its first effect is to cause great relaxation of the cardiac muscle very similar 
to that induced by chloroform. As the alcohol becomes more dilute a 
stage is reached when the amount in the blood corresponds to less than 
05 per cent., and this amount no longer interferes with the cardiac 
systole. And it will be seen that when this stage is passed the output 
of blood from the heart is much greater than it was before the injection 
of the alcohol. The height of the record in the first or normal stage is 
43mm. During the stage of depression, when according to calculation 
there should be between 2 and 8 per cent. of alcohol in the blood, it 
measured only 37 mm. In this state the heart is gorged with blood, the _ 
_ muscle being unable to contract upon it. In the final stage the record 
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measures 48 mm. and the effect is of a permanent character. In other 
words the alcohol, after temporary depression due to the large percentage 
present in the heart, increases the output by about 10 per cent. for a 
period of ten or fifteen minutes. In some other cases an increase of 15 
and 20 per cent. has been recorded. 

The initial depression is commonly absent in the dog. In Fig. 10, 
5 c.c. of 30 per cent. alcohol was injected at ‘A’. It will be noticed that 
in this case the systole becomes more and more efficient and the tonus 
of the heart is increased, the total effect is considerable augmentation of 
output. 

Two facts are evident these experiments, First that 
alcohol is present in the blood in moderate amounts say about 0°1 to 
02 per cent. the efficiency of the heart is increased, but that when it is — 
present in the blood in amounts greater than 0°5 per cent. the efficiency 

of the heart is diminished. How are these facts to be accounted for ? 
It is clear that alcohol possesses two entirely different actions, it excites 
in small doses but depresses in larger ones. In this respect it resembles 
no other drug, for when we increase the dose of other drugs the effect 
is at first exaggerated and only with enormous doses does paralysis 
ensue. But with alcohol there is a definite limit to the dosage, to 
overstep which is depression. In other words to increase the dose with 
alcohol is to cause a different type of effect. | 

It is well known that alcohol is oxidised in the body and yields 
energy; and the experiments of Atwater and Benedict' have made it 
abundantly clear that the alcohol is not burnt up uselessly but that it 
can be isodynamically substituted for carbohydrates or fats. In this 
sense then, alcohol is a food. But the tissues can oxidise only a limited 
amount and if this is exceeded the toxic effect of the alcohol becomes 
evident. Immunity to organic substances such as morphine and alcohol 
is the expression of the increased ability of the tissues for their oxida- 
tion*; and the tissues may be cultivated to a greater or less tolerance 7 
the continual administration of the drug. 

The ‘stimulant’ action of small quantities of alcohol on the heart is 
readily explained by regarding it as an expression of the food value of 
the drug and for the following reasons:—First we know it acts-as a 
food to the tissues as a whole, why then should it not so act to each 
separate tissue, ¢g. the heart? In animals rendered somewhat immune 
to the action of alcohol, it behaves as a more decided ‘stimulant to 

Memoirs National Acad. of Setence, vit Washington, 1908, 
Faust. Arch. f. exp. Path. u. Pharm, xtav. 217. 
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thé heart than in control animals, thus suggesting that the heart 
behaves like the tissues asa whole. And moreover its action on the 
heart shows many resemblances to certain other foods such as sugar, 
the effect being most decided when the heart has been beating for some 
time whilst deprived of food.. The addition of sugar to the perfusing 
saline fluid during a Langendorff experiment is to cause an increase ) 
in the excursion of the lever, and the sameeffect though less defined is : 
obtained with alcohol. But alcohol differs from sugar because if the : 


‘Fig. 10. Fig. 11. 


Fig. 10. Dog, 14 kilos. Complete destruction of the brain and medulla by pithing. 
Cardiometer. Limb volume. Blood-pressure. At A 5 c.c. 80°, aloohol was injected 


intravenously. Time = sees. Between the two parts of the tracing is an interval of 
83 mins. 


Fig. 11. Dog, 10 kilos. Complete destruction of the brain and medulla 
pes plete by pithing. 


nto the jugular vein, Time = secs. 


dose is increased toxic effects come into play. . The effect iene 
Fig. 2 is one which is not uncommon after the administration of either 
alcohol or sugar. Alcohol given by the mouth has this advantage over 
other foods that it very rapidly finds its way into the circulation and 
unlike sugar it can be absorbed directly from the stomach. Fig. 11 is 
a cardiometric tracing of the dog’s heart, and shows the effect of 
the output from the 
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heart is considerably augmented. In many respects this effect resembles 
that of alcohol. For these reasons I favour the view that alcohol in 
moderation provides a food for the heart but that in excess its effect is 
depressant and tends to resemble that of chloroform: It is doubtful 
however whether this acute depression can occur in life since Grehant! 
has shown (for dogs) that drunkenness is associated with about 0°5 per 
cent, of alcohol in the blood. Larger amounts of alcohol than this are 
necessary to cause serious depression of the dog’s heart, since if the 
amount did not exceed 0-7 */, recovery occurred. 

Finally T would point out that alcohol is normally found, though i in 
‘minus quantifies, in the fresh tissues of man and animals that have 
received no alcohol. It can be distilled off from the liver, muscle, brain 
and othét tissues*.’ Since we know that small quantities of dextrose 
and alcohol are readily oxidised in the tissues it is not improbable that 
dextrose is oxidised in successive stages and that the oxidation passes 
through the alcohol stage, energy being liberated at all stages in the 
oxidation. As we are daily obtaining more and more evidence that 
the so-called “ vital” phenomena are in reality fermentations it seems 
to me feasible that such oxidations might be brought about by a 
_ series of co-ordinated ferment actions. That such an explanation is 
possible is seen from the fact that the ferments in yeasts will oxidise 
dextrose to the stage of alcohol, and those in ae 
continue the: oxidation. 

Action on the vessels, 3 
When administered to the intact animal, alcohol does not affect all — 
vessels in the same way. But if it is perfused through the vessels of 
organs which are isolated from the body the effect is the same in all cases. 
In frogs, $°/, alcohol in the perfusing fluid determines an immediate 
- though moderate constriction which is very permanent in character but 
which is removed by substituting pure Ringer's solution for 
containing alcohol (Fig. 12). In mammals small amounts of alcohol 
such as 0°1 or 0°2°/, cause very slight dilation when perfused through 
isolated vessels ; if the percentage be stronger, about 1 or 2°/,, then 
constriction, quite considerable in extent, first ensues followed later 
by dilation. All: vessels, pulmonary and coronary as well as -Rysemic, 


1 Gas, méd. de Paris, 1882, p. 95. 
2 Rajewski. Pfliiger’s Arch, 11. 122. Hoppe-Seyler. Handbuch dev chem. Anal, 


Berlin, 1893, p. 40. Ford. This Journal, xxxtv. 431. 1906.. 
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are affected in just the same way so that the action must be on muscle. 
In part these results agree with those of Kobert? who found that 


alcohol in dilute solution, 01 and 0°2 °/,, had little effect when perfused 


through the renal vessels. 


x 


Fig. 12. Perfusion of the systemic vessels of a frog. Drop record. At the first cross 
alcohol 0°15 °/, was substituted for the pure Ringer’s solution. At the second cross 
1:5 °/, of aloohol was perfused. Time=secs, 


These experiments show that: the action of alcohol upon the blood 


vessels must be partly central. Drugs which affect the centre do not 
influence all blood vessels in the same way. Thus atropine excites the 
medulla and basal ganglia in the brain, but whilst constricting the 
splanchnic vessels it dilates the superficial ones. Alcohol also dilates 
the skin vessels very rapidly, and at the same time tends to constrict 
the vessels in muscle-tissue, and to a less marked degree in the 
splanchnic area. | 


Fig. 18. Dog, 14 kilos. Morphine, chloroform: Limb volume. Blood-pressure. At the 
indicated mark 80 ¢.c. of well diluted aleohol was administered by the stomach tube. 
‘Time=secs. (This experiment should be compared with those of Gutnikow.) x}. 
The effect on the skin-vessels has been investigated by the ple- 

thysmographic method on the ears of dogs and rabbits; in angsthetised 

animals alcohol caused decided constriction, whilst he volume of the 
limb in the dog also diminishes (Fig. 13). And this effect is peed 
* Arch. f. exp. Path. u. Pharm. 90. 1887. 
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pressure, with but little apparent change in the condition of the vessels. 
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no matter whether the’ drug is injected under the skin or given by 
the mouth. Fig. 14 shows the volume of a loop of gut and the corre- 
sponding blood-pressure at certain stated intervals. The efféct of a 
subcutaneous injection of alcohol is to produce a gradual rise in blood- 


Fig. 14. Dog, 7 kilos. Morphine. Cerebral hemispheres destroyed. Medulla intact. 
Intestinal volame, Blood-pressure. Shows the effect of injecting 16 ¢.c. 90°), alechol, 
diluted to 1 in 8, subcutaneously. The injection was made at 1.15 p.m. Time=secs. 

(There is considerable rise in B.P. 


proportion to this rise.) x}. 


Fig. 15. Dog, 16 kilos. Morphine, chloroform. Intestinal volume. Bitpressure. 
Shows the vaso-constriction produced by a big injection (8 0.0. 50°/,) of aleohol. x }. 


In this case there must be a marked tendency towards constriction since 
if the vessels were in their normal state they would become considerably 
dilated, passively, from the rise in blood-pressure. | In Fig. 15 the effect 
of a large dose of alcohol is shown to cause immediate constriction of 


the splanchnic area. By perfusion experiments it has been already 
PH. XXXV. 93 
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| démunitonted that this effect may be peripheral on the ‘vessel walls; but 


it is more likely partly central. It can easily be shown that alcohol exerts 
a stimulant action on the brain by injecting a little, well diluted with 
Ringer, up one carotid artery towards the brain. Fig: 16 shows an experi- 
ment on a dog in which first 5 c.c. of 30 per cent. alcohol was injected 
into the jugular vein; this produced great weakening of the heart-beat 
and a large fall in blood-pressure. During recovery an exactly corre- 
sponding dose was injected up one carotid under similar conditions ; it 
caused a considerable rise in pressure which was not followed by a fall. 


Fig. 16. Dog. Morphine, chloroform, Blood-pressure. At ‘A’ 5 0.0, 80°/, alcohol 
was injected into the jugular vein. At ‘B’ the same dose was injected up the carotid 
towards the brain. x 4. | 


The effect of alcohol, as ordinarily administered to man, on blood 


vessels must be mainly central. In moderate doses the superficial 
vessels tend to dilate and the internal vessels tend to constrict. This 
dilatation of the superficial vessels is sometimes the exact opposite to 
that occurring in dogs when large doses of alcohol are administered 
either by injection (Fig. 10) or by the stomach tube (Fig. 13); the 
explanation of this is simple. We know that drugs which excite the 
medulla and basal ganglia of the brain whilst constricting the internal 
vessels simultaneously dilate the superficial ones. This is the reaction 
of the organism against rise in temperature: stimulation of the corpus 
striatum augments metabolism, and drugs which induce this effect 
invariably dilate the skin-vessels. Atropine may be regarded as 
a typical drug which by exciting the brain centres causes constriction 
of the internal vessels and dilatation of the superficial. Now small 
doses of alcohol, as we have already pointed out, excite the medulla and 
should tend to dilate the superficial and constrict the splanchnic vessels. 
This effect is obtained in animals if certain precautions are taken with 
regard to keeping the medulla as normal as possible and giving only a 
small dose of alcohol, and that for preference by the mouth; it is the 
effect which is generally observed in man. It might be suggested that the 
alcohol was quickly oxidised in a useless fashion and produced a sudden 
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-output-of heat and so dilatation of the skin vessels. This is not the 
_ ease for we know that alcohol is oxidised as it is required by the body 
and may be substituted in a diet, isodynamically, for starch or sugar. In 
Figs. 10 and 13 (last half), the more typical effect on superficial vessels 
is. reversed because the peripheral action of the alcohol overshadowed 
the central effect, in the former case because the centre was destroyed, 


3 on 
__No observations on the action of alcohol show greater discrepancies 
than those dealing with blood-pressure. These may possibly be 
explained by the very different conditions under which the various 
experiments were conducted.. Those of Zimmerberg’, Dreser*, and 
Abel, were performed on anesthetised animals, and on the whole agree — 
with one another, the main effect being a fall of blood-pressure. 
Experiments on anzsthetised animals cannot be regarded as showing 
the exact action; and especially would anesthetics hide the delicate 
effects produced by alcohol as a food substance on account of their 
% known action on metabolism‘. Another error is the tendency of 
: observers to give excessive doses of alcohol. Thus Gutnikow’ says 
: that alcohol produces a fall of blood-pressure in the curarised dog ; but 
to produce this effect he administered 250 grammes of 50 to 70°, 
alcohol and does not mention the weight of his dog. The majority of 
observers state that small doses of alcohol cause some rise of blood- 
pressure, and some that this is followed by a more considerable fall®. 
Dogiel’ and Cerna® did not employ anwsthetics in their experiments: 
they describe an increase of blood-pressure. Schafer® has recently 
shown how very decidedly alcohol acts in preventing the fall of blood- 
pressure caused by chloroform, 


1 op. cit. 
3 Physiological Aspects of the Liquor problem, u. 78. 
4 Barcroft and Dixon. This Journal, xxxv. 182. 1907. _ 
5 Zeit. f. klin. Med. xxt. 168. 1892. 
Haskovec. Wied. med. Woch. 1901, 14-18. diss de Méd. exp. et Anat. 
. 1904, 689. 
Phiiger’s Arch, 605. 1874. 
op, Gite p. 
Transactions Roy. Soc. Edin. x11, 887. 1904, 
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. The present experiments were performed on cats, dogs, and rabbits ; 
snniibiiles were not usually administered, but the animals were in each 
case: killed by pithing, the cerebral hemispheres being completely 
destroyed. In ‘some cases the medulla was destroyed, and in others, 


especially in experiments dealing with vaso-motor phenomena, it was 


intact ; in the latter case the animal's respiration was natural. 

- Large: injections of alcohol into a vein cause an inimediate fall 
ie blood-pressure, this is shown in Figs. 9 and 16: in the former 
experiment, in which a cat was employed, it is quite evident that the 
effect is produced by the deficient systole of the heart. As soon as the 
heart is acted upon by the conceutrated alcohol the muscle fibres lose 
their power of contractility and the organ becomes gorged with blood ; 
but as the alcohol becomes diluted the force of systole increases and 
the blood-pressure rises again. Fig. 16 shows a similar effect in the 
dog. This’ initial fall of blood-pressure is due to cardiac failure and is 
analogous in every way to that caused by chloroform. It is however 
of little significance practically since the enormous ‘amount of alcohol 
necessary to produce this effect is such as never occurs in life. 


Fig. 17. Recowd ‘of inv which killed “by pithiag. 


* Complete destruction of brain and medulla. Artificial respiration,, A shows the. 


effect of injecting 5 ¢.c. 1°/, alcohol very slowly:: -B and C show the effect of 1 ¢.¢. 
Time=secs. x }. 
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Smaller injections of alcohol, sufficiently -diluted, usually cause 
a slight rise in blood-pressure. Fig. 17 records the action of alcohol on 
the blood-pressure in three separate cats. Tracing A shows the effect 
of injecting 5c.c. of a 0°4 per cent. solution into the jugular vein ; the 
rise in blood-pressure is very gradual, and closely resembles the type of 
rise following the administration of digitalis. Tracing B shows the 
effect of injecting the alcohol more rapidly; in this case 1 c.c. ofa 33 per 

cent. solution was injected, and the rise in pressure was both consider- 
able and prolonged. Tracing C shows an exactly similar injection 
made still more rapidly; the initial large increase of pressure soon 
passes off, but some permanent increase remains. In the rabbit also 
alcohol raises the blood-pressure: this is shown in Fig. 18 after the 
injection of 2.c. of 25 per cent. alcohol. The.injection of alcohol into 


Fig. 18, Rabbit. Cerebral hemispheres destroyed. Respiration (natural). Upstroke = in- 
spiration. Blood-pressure, At the mark, 2 ¢.c. 25 °/, alochol.was injected into the 
jugular vein, Time=secs, x }. | 


the circulation of dogs causes a less decided effect on the blood-pressure, 
thus in Fig. 10 little or no effect was caused by injecting 5 c.c. of a 30 
per cent. solution into the jugular vein, in spite of the considerably 
augmented cardiac output; nor in Fig. 15 does 8c.c, of 50 per cent. 
alcohol produce any significant alteration in height. Sometimes after 
the course of some minutes the blood-pressure assumes a higher level 
than normal and this is shown in ‘Fig. 8, where three minutes after 
the injection of alcohol the blood-pressure. is seen. to be a little raised, 
probably entirely as a result of the increased cardiac output. Fig, 14 
shows the effect of injecting 16 cc. of 90 per cent. alcohol» sub- 
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eutaneously ; the blood-pressure gradually rises and reaches a maximum — 
twenty minutes after the first injection.. Although some rise of 
pressure under these conditions is general, such a rise as is shown ‘here 
is a little unusual, All these experiments have ‘been carefully controlled . 
by injections of saline solution, and the results obtained are not due 
to mere increase of fluid bulk. _. 

_. A further series of experiments on pithed rabbits, cats, and dogs, was 
made, in which the alcohol was placed directly in the stomach by means 
of ‘a tube; in some of these cases curare was given. In all cases this 
method of administration resulted in a decided action on the circulatory 
system. And especially was this the case when the circulation was 
failing as is apt to happen as the result of collapse some hours after the 
destruction of the brain. Fig. 13 shows the effect of placing 30 c.c. of 
- alcohol diluted with 30 c.c. of water into the stomach of a dog by means 
of a tube. In this experiment the blood-pressure rises almost im- 
mediately and the limb vessels after a transient dilatation become 
constricted. Similarly in cats and rabbits some rise in blood-pressure . 
almost invariably ensues after the administration of diluted alcohol. 
When absolute alcohol is placed directly in the stomach there is an 
immediate rise of blood-pressure, which passes off in two or three 
minutes. This is a reflex effect, and does not occur if the medulla is 
destroyed, nor if it is fatigued by morphine or other anzsthetics. The 
rise in blood-pressure in Fig. 13 is very gradual, not of the nature of a 
reflex, and is almost certainly caused by the action of the alcohol after 


absorption. 


> 


Fig. 19. Dog. Morphine. Brain and medulla completely destroyed. “‘Polsidnacy’ 
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by dilatation, of internal vessels. 
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» :Aleohol; no matter how it is administered, causes a small rise in 
pulmonary pressure. Fig. 19 shows the pulmonary and. systemic 
pressures of a dog during the administration of alcohol. The systemic 
pressure is but little affected, yet the pulmonary pressure is distinctly 
raised, At this point the similarity between the action of alcohol and 
that of sugar on the blood-pressure may be pointed out. For. this 
purpose Fig. 8, which I regard as showing the most typical effect of 
alcohol, may be compared with Fig. 11. In both the systolic pressure is 
raised to a trifling extent whilst the diastolic is less affected, but in 
neither is the rate of the heart materially altered; the effect in both 
cases may be regarded as due to increased cardiac output. 

The blood-pressure is the resultant of the output from the heart 
and the condition of the vessels as a whole. The cardiac output is 
increased and the sum-total effect on the vessels is rather towards 
dilatation than constriction, so that the blood-pressure may either rise 
or remain constant according to which of these two factors holds the 
balance. But there is one effect which is seen fairly constantly in the 
blood-pressure tracing even when the systolic pressure is unchanged, 
that«s the increased difference between systolic and diastolic pressures ; 
this effect is also seen typically in Fig. 11, after the injection of sugar. 

In man the same condition is expressed by saying that the systolic 
pressure is a little increased or constant whilst the diastolic pressure 
falls, Indeed the conditions of the circulation of man, under the 
influence of alcohol and in the normal state, as shown by his blood- 
pressure, present considerable analogies to his blood-pressure in the 
recumbent and standing positions respectively. In other words alcohol 
facilitates the circulation. I do not,. however, wish to dogmatise as 
regards man as my experiments are confined to two subjects. 


CONCLUSIONS, 


1. In moderate doses, and if well diluted, alcohol has little effect on 
the rate of the normal heart; in large doses it excites the medulla and 
slows the heart through the vagus. The failing heart is accelerated by 
alcohol. When taken by the mouth, i in concentration, alcohol reflexly 
quickens the beat. 


2, In moderate doses alcohol causes dilatation of the superficial 
vessels and some slight constriction, which after large doses is followed 
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In moderate. doges alcoliol increases the activity and output of 
the heart.’ Reasons are given for suggesting that this effect is due, in 
whole or part, to the fact that alcohol is'a readily assimilable food- 
substance. “In large doses, strengths over 0°5 per cent. in the blood, 
aleohiol' depresses the heart ; this is due to the direct’ action 
drag 

4, Alcohol j jn moderate doses, administered to animals hich show 
signs of circulatory failure, raises blood-pressure mainly on account of 
its effect on the heart. In normal avimals and in man whilst the 
systolic pressure may rise a little or remain unchanged the diastolic — 
tends to diminish: in other words the difference between the sa 
and diastolic tends to increase, 
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“THE INNERVATION OF THE BLADDER AND 
URETHRA*.” By R. ELLIOTT, George Henry 
Lewes student. 


‘From the Physiological Laloratory, Cambridge) 
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To determine the nervous control of the bladder with its simple 
structure and single function might seem no hard task, Yet some 
of the main facts are still disputed) The original discoveries by 

' Toward the expenses of this research grants were reoived from the Government 
Grant Committee of the Royal Society. | 
PH, XXXv. 24 
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‘Budge’, and by Gianuzzi* in Claude Bernard’s laboratory, that im- 
pulses to contraction can reach the bladder by either of two paths, 


through the lumbar spinal roots in the hypogastrics, or through the 


sacrals in the pelvic visceral nerves, have been confirmed by all subse- 
quent workers. Von Zeiss! (1893) suggested a new enquiry, whether 
the bladder in obedience to the theory of crossed innervation did not 
receive also inhibitor nerves for the longitudinal muscular coat by the 
sympathetic or lumbar roots.. By varied experiments on one animal, 
the dog, he convinced himself of their existence; and also of the 
corollary that the sacral nerves inhibit the anhingter, Langley and 
Anderson (1895), examining afresh an observation in which Langley 
(1890) had preceded von Zeiss, were able occasionally to. demonstrate 


lumbar inhibition of the cat’s bladder, but concluded that such inhibitor — 


fibres were few in number. Repeating their observation, Stewart (1899) 
without reserve affirmed the existence of lumbar inhibiting nerves. 
Since then workers have recurred to the oldest view, Rehfisch, Fagge, 
and Wlasow maintaining that me motor nerves exist for both the 
bladder and its sphincter. 

The experiments of this paper? ee most of these differing 
observations by showing that the innervation of the bladder varies 
from animal to animal, and that the error was the old one of arguing 
from the particular to the universal. - Beyond this reconciliation lies a 


greater interest. The biochemical test by adrenalin has marked the © 


deep distinction between the muscle mass connected with the sympa- 


thetic nerves and that controlled by the sacral visceral nerves. Both 


occur in the bladder. Its study must meee ee of the laws 
— the development of each, 


L Tue 


Methods. - As any. direct: record of linear movements in the bladder 
wall involves some exposure, and so increases the difficulty of demon- 
strating inhibition, I preferred the natural method of recording changes 
in the fluid contents of the bladder. For comparison with one another 
these changes must be roughly measured ; and to determine from them 
the actual tension of the bladder wall requires that a clear distinction 


be drawn between volume changes and pressure changes. ' Both will be 
1 Virchow’s Archiv, xv. p, 115. 1858. 


* Journal de la Physiologie, v1. p. 22. 1863. 
3 All the animals used were 
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_ for the manometer. This gave any height of water pressure needed ; 


_ to check the accuracy of the bellows. No care was taken to maintain 


adjacent viscera. The initial values of intravesical pressure, p, and 
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‘influenced by the muscular tension. One of the variables must there- 
fore be kept approximately constant, while change is imposed on the 
For pressure changes the bladder was emptied, then filled with 
a known volume of saline solution at 38° C., and connected with a 
water manometer of small bore. The air above the surface of the water 
column was connected with a small Brodie bellows recorder, and so 


a continuous tracing of roughly isometric See on a constant volume 
was obtained. 


For volume changes a large graduated reservoir was substituted 


and the air in the closed system above it was in turn connected with 
a large bellows recorder. The graduations on the reservoir served 


the water external to the bladder at the body temperature, for warming 
the walls of the reservoir caused expansion of the recording volume of 
air above the water, and it did not seem worth while to complicate 


the apparatus by introducing a source of heat into the water itself. 
Pressure records avoided this fault. 


The intravesical pressure alone does not completely represent the tension of the 

enveloping muscular wall. This tension, if the bladder be regarded as a sphere with 
elastic walls, 

_ intravesical pressure x radius 

2 x thickness of wall z 


wail its Ghicknens varies inversely as the square 
of the radius: that is, the tension « P.r’, 
Or, sinee the volume = 4/3. x . 1°, the tension varies as the product of the volume and 
the pressure V. P). 
Increase of volume will therefore augment the tension. A given change of muscular 
tension will produce a greater change of pressure in a bladder moderately distended than ~ 
when it is excessively filled, Furthermore contraction of the fibres at the base of the 
bladder, where the radius of curvature is small, will have a disproportionately large effect 
in raising the intravesical pressure, 


Pressure changes give a closer representation of the changes in 
muscular tension, to which is probably to be attributed the micturition 
reflex ; and moreover it is under such isometric conditions that inhibition 
plays its part. But practically it was found to be more convenient to 
record volume changes, which are simply as the cube of the linear 
shortening or elongation of the muscle fibres under conditions that are 
very roughly isotonic. These could be followed with a bladder enclosed 
in the abdomen, for they were virtually unaffected by movements of 
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of volume, v, are stated in all the experiments, and serve to indicate the 
tension of the muscle at which the changes in length took place. This 
tension may be regarded from some points of view as being at any 
moment the sum of two components, physical and physiological. The 
latter, the “tone” impressed by nervous ties, often drops to zero when 
the sacral nerves are cut, and then of course inhibition cannot be 
demonstrated. In most of the experiments a distending pressure of 
15 cm. water was employed. 


For a volume record the bladder often was not exposed. A catheter 


was inserted by the urethra from the ext. meatus, or in the male from 
below the prostate after splitting the symphysis: generally a ligature 


was tied around the urethra. The hypogastric nerves’ were found 


by teral incision at the edge of the quadratus lumborum, so 
that" the peritoneal cavity was not opened. In all animals but the 
dog and rabbit I found it to be possible to dissect out the pelvic visceral 
nerves (nervi erigentes) also without exposure of the bladder. For 
this purpose an incision was made at the root of the tail well above the 
anus; the recto-coccygeus muscle was transected, and then the fibrous 
tissue between the rectum and the caudo-coceygeal muscles torn away 
until the nerves were discerned on either side 4 or 5 cm. up the tunnel. 
They are found with their accompanying blood vessels in a small mass 
of fat, each arising generally as a single compact bundle from the 
sacral plexus. Both nerves were stimulated simultaneously, a crossed 


_ wire being used to connect the electrodes. Fine shielded electrodes 


were of course needed. I used a special pattern with one wire on 
the curved shield and the second on the moving plunger, so that the 


nerve lay with the wires on either side of it and was more eo erias | 
stimulated. 


The Hypogastric Nerves. 
Motor fibres to the cat’s bladder were recognised in the hypogastrics by Sokownin? in 


1874, Nussbaum’, Nawrocki and Skabitschewsky‘, and by Sherrington’. — 


Langley and Anderson® noticed that the movement was chiefly of the base of the 
bladder; but following up the earliest observation on the presence of inhibitor nerves 


_ * The nomenclature used in this Paper for the various nerves be gathered from 
the summarised statement on p, 411. ig 
* Phliiger’s Archiv, vim. p, 600. 1874. 
_ Reference in viz. Abth, p. 64. 1980, 
Phiiger’s Archiv, xuvm. p, 885. 1891. 
5 This Journal, xu. p. 676. 1892. 
* This Journal, x1x, p. 73. 1895. 
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In the latter case the results recorded on the tracing vary with the 
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mate by Langley! in 1890, concluded that these nerves contain few or no inhibitor 
fibres, Stewart? placed the existence of such inhibition beyond doubt. 


Stimulation of these nerves, the central ends having been cut to 
avoid reflexes, has always a double effect. First is a rapid contraction 
expelling generally 4 to 5, at the most 8, c.c., under 15 cm. pressure : 
inhibition immediately ensues, so that the curve of contraction is 
sharply cut down (cp. Fig. 1 and Fig. 13), and the bladder relaxes 


Fig. 1. Inhibition of the cat’s bladder by stimulation of the hypogastric nerves ; isotonic 
volume record, Albino cat, blue eyed and deaf. Ether. Tone of bladder high, 

_ v. 126¢.¢., p. 15cm., as pelvic visceral nerves were uncut. 
Stim. hyp., coil 7m. : bladder contracts 5c.c., then relaxes 25 ¢.c., with rapid 
recovery as soon as stimulation ceases. 


to the extent of it may be 30 cc. from a vol. of 30 cc. Fig. 2 
illustrates the corresponding fall of pressure with constant volume. 


pressure used. Thus in one Exp. with a vol. of 40 cc. and p. 15 cm. 
the hypogastrics produced a rise of 10 cm.; but with vol. 60 c.c. “— 


1 This Journal, xu. 1890. Proc. Physiol, Soc. 
2 American Journ. Physiol. 1. p. 182. 1899, and uz. p. 1. 1899, — 
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p. 35 cm., the tension of the wall being therefore nearly quadrupled, a 
fall of 10 cm. 


Fig. 2. Inhibition of the cat’s bladder by the hypogastric nerves: isometric pressure 
record, Ether. Hypogastrics cut, but not the pelvic visceral nerves. ‘Tone of 
bladder high : constant volume of about 15¢.c. Pressure changes in cm. of water 
read on manometer scale and recorded by Brodie bellows. | 

’ Stim. hypogastrics, coil 9om.: slight contraction, and then tension of bladder wall 
falls from 49 to 12 om. while rhythm is abelished. As the lever writes on an arc of 
great curvature, at the top of the tracing it is much to the left of the vertical line 
through the signal. 


Any rhythm that may have been seen before is checked. Generally 
the bladder recovers soon after the stimulus has ceased, doing so in my 
experiments no doubt with abnormal haste because the entering water 
was cool: but prolonged stimulation may cause such flaccidity that the 
bladder never regains its tone, not even after effective stimulation of the 
_ pelvic nerves, The initial contraction is of the muscle placed dorsally 
about the base of the bladder, and whether the bladder be in high or low 
tone, whether it be succeeded by inhibition or not, does not expel more 
than 8 c.c.; but when the bladder is empty, it seems to include a wider 
area and intend well above the entrance of the ureters. Relaxation 
concerns all the rest of the bladder and appears with a latent period of 
very few seconds’. The motor effect is always seen, but despite every 


1 Pagge (This Journal, xxvat, p. 908 1902) suggested that the inhibition described 
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precaution a full relaxation cannot in every case be demonstrated. 
Often at the commencement of the experiment the physiological tension 
of the bladder is very low, having perhaps been reduced to this level 
reflexly in the first stage of anesthetisation’. Or it may be exceedingly 


high with a deep rhythm that almost defies inhibitor influence. If the 


pelvic nerves be cut to reduce this, the tension usually. falls to the 
other extreme limit; and a like atonia may result when the brain 
is destroyed to avoid the need of anesthetics. Yet i in aueniy all cases a 
little relaxation may be revealed. 

Artificially raising the tone by slight exposure, or by the use of sachs 
drugs as caffeine or eserine, does not make it easier, of demonstration. 
There is, however, one condition under which I find that the fullest 


_ relaxation may be shown again and again as the result of hypogastric 


stimulation. This is attained by degenerative section of one pelvic 
nerve, Three days after such a lesion the bladder is in fair tone and 
responds with great sensitiveness to the hypogastric nerves (cp. p. 419). 
As the change developes so early, it cannot be ascribed to the formation 
of new nervous ties, and indeed the response obtained does not differ 
except in its greater certainty from what may be observed in the 
normal cat. 

Cell relays. The motor and the inhibitor nerves in the bypogastrics 
are, as described above, distinct from one another in their final area of 
distribution. Stewart (loc. cit. supra) claimed that a sharp separation 
can also be made between them in the nerve trunk, insomuch as the 
cell relays of the motor nerves are situated in the inferior mesenteric | 
ganglia, but those of the inhibitors in the plexuses about the bladder 
itself. His analysis was made by Langley’s nicotine method. This — 
view I at first accepted ; and it had the recommendation of providing a — 
function for some of the odd 550 medullated preganglionic fibres 
identified by Langley and Anderson®* in each hypogastric. In my 
earlier experiments stimulation of the inferior splanchnics, after the 
inferior mesenteric ganglia had been painted with ‘5 °/, nicotine, caused 
a pure relaxation with a latent period of a few seconds: the 


by Langley (This Journal, xxv. p. 252. 1901), inasmuch as it did not develope until 
after the lapse of a minute, was not a direct effect but rather an after result of the first 
contraction, This cannot be accepted. The inhibition as a rule synchronises with the 
period of stimulation. 

- 1 To avoid such emotional changes I have narcotised animals with urethane alone. 
The cats never manifested annoyance, and passed purring into a state of unconsciousness. 
Yet the bladder was found to be atonic and useless for the study of inhibition. 3 

2 This Journal, xvu. p. 179. 1894. 
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hypogastrics gave both contraction and relaxation, but after the in- 
jection of 15 mgm. nicotine only contraction. These were experiments 
in which the voluminal changes were not extensive, and indeed the 
pure fall obtained by stimulation of the nerves above the ganglia, when 
the latter had been painted with nicotine, was of only 4to5cc. After 
the general injection of nicotine the tone of the bladder was altered, 
and then even that small relaxation was no longer in evidence. Ap- 
parently Stewart also was dealing with small movements, for the only 


_ curve reproduced in his paper (Fig. 1, p. 2) illustrates a relaxation that — 


is little more than the inverted image of the initial contraction. 

The difficulty lies in finding a bladder of which the physiological 
tension is not seriously altered by the injection of nicotine. As stated 
above, this quest is achieved by section, three to five days previously, of 


one pelvic nerve. In every such experiment stimulation of the hypo-. 


gastrics was found to evoke inhibition as well as contraction of almost 
the same extent after as that seen before the injection of nicotine 
(cp. Fig. 14). Painting the inf, mes. ganglia with nicotine often excites 
fair inhibition ; and then stimulation of the inferior splanchnics may 
cause in some animals contraction, in some a little relaxation, or in 
others a double effect. Clearly the main mass of the relay cells is that 
of the inferior mesenteric ganglia. There is no cleavage here of motor 
from inhibitor nerves’, just as in the coeliac ganglia Langley proved 
there to be none of the vaso-constrictors from the intestinal inhibitors’. 


The analysis by nicotine is confirmed by the results of degeneration. 


_ Six or twelve days after section of the inferior splanchnics (cp. p. 413) 
the hypogastrics are still competent to produce inhibition of the “ied 
as well as contraction of the base of the bladder. 

But a few relay cells for both nerves may at times lie more 
peripherally. The occurrence of such was postulated by Langley and 
Anderson’ in their analysis of the “Sokownin reflex” from the inf. 
mes. ganglia as being one in preganglionic motor axons to such cells. 

This reflex is observed immediately after section of the inferior 


_} Together with this error is removed the doubt whether adrenalin can inhibit plain 


muscle that has been deprived of its inhibitor nerves (This Journal, xxx. p. 441, 1905). 
If a few inhibitor cells had chanced to be lying peripherally, these could hardly in ten days 
have acquired new influence over the rest of the muscle #0 as to render it all accessible to 
the action of adrenalin. 

* Compare too the general rule given by Langley (This Journal, xx. p. 246. 1896: 
and Ergebnisse der Physiol. p. 840, 1908) that “‘each sympathetic ganglion is, broadly 

* This Journal, xvt. p. 415. 1894, 3 
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splanchnies, that is of the nerves uniting the inferior mesenteric 
ganglia to the C.N.S. Excitation of the central end of one cut hypo- 
gastric then evokes a slight contraction of the base of the bladder 
by impulses passing down the other hypogastric. All instances of such 
axon reflexes studied by Langley and Anderson in any tissue are 
of a motor type producing only contraction. Stewart’ too observed 
only contraction of the cat's bladder by central excitation of one hypo- 
gastric. 

In the normal bladder I was never able to dianenatrene any inhibition 
as part of this reflex. To facilitate inhibition three experiments were 
made after degenerative section of the right pelvic nerve. Two of | 
these gave only contraction as the “reflex”: the third exhibited © 
unquestionable inhibition. In it stimulation of the central end of the 
cut left hypogastric produced a ¢ontraction of 3 c.c. and relaxation 
of 10 cc. on 35 c.c., while the right hypogastric excited directly gave 
the same contraction and relaxation of 30 cc. But when the left 
hypogastric was teased it was found to contain a cluster of ganglion 
cells that had been split off the main mass and lay embedded in the 
trunk of the nerve only a few millimetres from the point of excitation. 
It was therefore possible that the exciting current had spread upward — 
and directly stimulated the preganglionic nerves above these ganglion 
cells, So while the experiment showed that inhibition might be carried 
_ by a branching of preganglionic inhibitor nerves, just as is believed 
to occur with the motor nerves, it did not prove beyond doubt that any 
of the inhibitor ganglion cells lay quite peripherally. On Stewart's 
view that all the inhibitor ganglion cells lie peripherally, such axon 
reflexes of inhibition should be more in evidence than those of contraction, 
unless it be either that the inhibitor preganglionic axons do not branch 
down each hypogastric (a hypothesis disproved by the experiment just 
described) or that the inhibitor preganglionic axons of one hypogastric 
emit side branches to the ganglion cells of the contralateral motor 
axons’, 

However, though the nature of the mechanism concerned in the 
“reflex” may not be,clear, there is less doubt about the main point 
_ required for the present discussion. Inhibition in addition to, though 
not so readily as, contraction can be caused in the “Sokownin reflex.” 


1 American Journal Physiol. u. p. 182. 1899. 
reflex is not quite satisfactory, It may be that the phenomenon is conditioned by the 
presence of inhibitor as well as motor nerves in the trunk to the viscera in question. 
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The conclusion from this and from the other evidence regarding the 
position of the ganglion relay cells is that there is no distinction 
between motor and inhibitor nerves in the hypogastrics 
beyond that of their final area of distribution. These points 
may be considered in more detail. 

In the first place it should be remarked that the area in which 
contraction is observed varies widely and, it would seem, aimlessly 
~ in different cats. It is always confined, as in the rabbit where the 
contraction is more uniform, to the dorsal surface of the bladder— 
generally to the little space between and adjacent to the ureters: 
but it may spread far beyond this almost to the apex of. the 
bladder, and is in no wise restricted to the morphological area known 
as the trigone. The contraction is seen as a superficial crinkling and 
soon gives way to relaxation in the same area. Though the area in 


which the contraction occurs varies from individual to individual, it is — 


constant during the course of an experiment’ on any particular cat. 

Adrenalin, whether injected intravenously or painted directly on the 
muscle, never causes any effect other than that of relaxation throughout 
the cat’s bladder. Even on the trigonal area it causes relaxation’, and 
thereby partly lessens the motor effect of stimulating the hypogastrics 
during its period of action. 


An explanation of the motor action and of its incongruence with the 


,response to adrenalin might perhaps be suggested by observations 
described later in this paper (p. 426), in which it appears that after 
section of both . pelvic nerves the hypogastrics may develope an 
exaggerated motor control of the bladder, seemingly by uniting with 
the isolated pelvic ganglion cells. There might be a native tendency 
to this perverse union, which would always be sought by a few vagrant 
sympathetic fibres. The contraction would then fall altogether outside 
of the sympathetic class, and naturally not be simulated by adrenalin. 


1 Nor in a few experiments made two years ago was its extent altered by the injection 
of strychnine, In regard of the recent work of Sherrington and of Bayliss on the 
alteration of central reflexes by poisons these experiments need repetition. 

2 In an earlier paper (This Journal, xxx. p. 404. 1905) I made the false suggestion 
that adrenalin causes contraction simultaneously with inhibition in the cat’s bladder, and 
that the greater extent of the latter swallows up the small contraction. But even with a 
bladder which was so relaxed as to be incapable of further inhibition, though contracting 
by 4 or 5 c.c, in response to electrical excitation of the hypogastrics, adrenalin could evoke 
no demonstrable contraction. And if the upper four-fifths of the bladder be ligatured off 
and a record taken of volume changes in only the small bag formed by the base, adrenalin 
still causes only relaxation. 
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But that is not the nature and explanation of the hypogastric 
contraction, for the movement is not paralysed by the injection of 
nicotine; and it is slowly extinguished by ergotoxine’. It must 
therefore be recognised as being biochemically a true sympathetic 
contraction. The issue is now limited to two alternatives. 

_ Either (a) the contracting muscle is a thin sheet spreading from the 

urethra over a variable surface of the bladder. It will be proved later 

that the urethral muscle is caused to contract by the ny 
also by adrenalin. 

7 Or (b) the initial contiaction is an error, an abnormal response eb 
to the unnatural stimulation of the hypogastrics, and would never oceur 
in the functional use.of the bladder. 

This latter assumption (b) would agree fairly _ the inability of 
adrenalin to cause contraction, for it seems that the resemblance 
between stimulation by this drug and by the sympathetic nerves 

_ respectively is closest where functional use of the nerves is most 
y frequent?. It would also serve well to explain the abnormally innervated 
\ bladders of two cate in which the motor as well as the inhibitor action 
; of the hypogastrics was in abeyance. 
: Still this view is rendered almost untenable by the fact that the 
% constriction does not play irregularly over the surface of a bladder, 
but is restricted always to a definite area in each individual. Such 
; uniformity rather indicates that the difference must be referred by (a) 
; to a separate morphogenesis of the tissues innervated by the motors 
and inhibitors respectively. A comparison of the bladders of different 
mammals favours this view. Such a separate sheet of muscle would be 
A | distinct from that which is thrown into contraction by the pelvics and 
Nt inhibited by the hypogastrics, and its contraction would—as is indeed the 
i) case—always be apparent as an added effect when the hypogastrics are 
i excited during maximal contraction by the pelvics. 


ia Abnormalities in the hypogastric innervation. A summary is given of the examination 
of the two cats in which, a rare abnormality, the hypogastrics seemed to have missed union 
with the bladder. 

Large ¢. Ether. Bladder was in high tone, the pelvics being uncut. Stimulation of 
the hypogastrics had no effect on it, though the vasa deferentia contracted well. Intra. 
venous injection of adrenalin, 0°3 mgm., did not lessen the rhythm and indeed evoked 
a sharp contraction: this contraction was simply due to stimulation of the spinal centres 
of the pelvic nerves, for when the pelvies were cut and the bladder tone fell, adrenalin 


1 Dale. This Journal, xxx1v. p. 184. 1906. 
2 Elliott. This Journal, xxxu. p. 416. 1905. 
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by an exceedingly small contraction of the urethral end of the bladder. The usual stout 
branches ran from the inferior mesenteric ganglia with the artery to the colon: but the 
hypégastrics were very slender, and, while taking the normal course past the ureters to the 
vasa deferentia (in which they did cause contraction), did not supply the branches directly 
to the vesical plexus that in the normal cat are so evident. Apparently the sympathetic 
vesical fibres were absent, and consequently no volume changes were caused by adrenalin. 

Large ¢. A.C.E. The bladder was in fairly high tone from which it fell later when 
the sacral nerves were cut. Excitation of the hypogastrics caused no detectable change in 
it. The injection of adrenalin, up to 0°6 mgm., did not relax the bladder even when it 
was in high tone; nor did a like amount lessen the power of the pelvics to cause 
contraction. The pelvics were very sensitive to excitation. The experiment was not done 
under quite satisfactory conditions, insomuch as A.C.E. was employed as anmsthetic and 
was twice given in excess so that the cat was with difficulty kept alive. But the functional 
lack of connection between the hypogastrics and the bladder agreed with the results of 
dissection. For this, the viscera were fixed with 1°/, osmic acid, The usual branches were 
given off by the hypogastrics to the colon and urethra: none ran up to the plexus on the 
wall of the bladder. Dissection included the inferior splanchnics, so that error by loss of 
an accessory hypogastric was excluded. 

Though neither of these cases was analysed exhaustively, the results were sufficient to 
indicate the absence of the usual sympathetic nerves to the bladder. No third such 
example has occurred with me. On the bare chance of the abnormality being found as an 
associated defect, I tried a blue eyed albino ¢ cat, which as usual was deaf: but the 
innervation of its bladder was typically normal, and indeed provided the curve reproduced 
(Fig. 1) to illustrate hypogastric inhibition. 

adrenalin was as incapable as the hypogastrics of relaxing the bladder, though the musele 
was in all other respects of normal character as regards rhythm, reaction to the pelvics, 
etc. Secondly that the motor fibres as well as the inhibitors of the hypogastrics were 


Pelvic visceral nerves. 


On the integrity of these nerves depends the tone of the bladder in 
the cat. Section of them causes immediately its relaxation, and that 
without even a contraction by the stimulus of the cut. Rhythmic 
movements, if present, cease at the same time. Later a rhythm may 
develope and the tone in part return. Exposure of the bladder, and 
especially the injection of nicotine, promotes such rhythm. This result 
_ of exposure makes it of course impossible to observe clearly-the loss of 
tone by cutting the nerves, unless they are dissected out above the 
rectum without opening the abdomen or exposing the bladder. Gentle 
stimulation of the nerves induces at first a rhythm: as the stimulus 
increases the bladder contracts slightly, and the rhythm deepens on the 
higher base line. Stronger stimulation elicits a rapid contraction of 


such power as to raise the intravesical pressure to more than 60 cm. of 
water. 
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_ to me that the processes of inhibition impeded the shortening of the 
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Both by degeneration and by nicotine were confirmed the observa- 
tions of Langley and Anderson’ that the cell relays of these nerves 
are in the ganglia on the wall of the bladder. Even at the height of 
the pelvic contraction the hypogastrics can, still produce their usual 
motor effect. Probably therefore the muscle concerned in this last 
movement does not receive motor nerves from the sacrals. 

The antagonism between the pelvic motors and the sympathetic 
inhibitors is as that described elsewhere* for the first nerves and 
adrenalin. The motor impulses are generally dominant over the call to 
inhibition; but when the inhibitor nerves are stimulated strongly and 
the motors weakly, the contraction due to the latter is greatly lessened. 
The inhibition induced by the hypogastrics seems to be of precisely the 
same character as that caused by adrenalin. With reference to its 
ultimate bearing on the muscle, there needs to be explained an earlier 
statement of mine (loc. cit. p. 455) that “such inhibition can check an 
isotonic contraction by the pelvics more readily than it can an isometric 
development of tensile stress without shortening.” It had then seemed 


muscle fibre rather than its tensile pull. The differentiation, however, 
rested on imperfect analysis. Large quantities of adrenalin, for example 
0°6 mgm. intravenously, could arrest an isometric contraction as well as 
the isotonic. Still, with moderate excitation of the pelvics adrenalin 
did undoubtedly hinder contraction much more than the pressure rise. 
In these experiments the bladder was at the start placed under the 
same conditions of pressure and volume, p and », for each mode of 
registration. But the injection of adrenalin under constant pressure 
conditions enlarged the bladder to p, v + v’, so that its radius of curvature 
and muscular tension (7'« P.V) were greater and the sheet of muscle 
therefore less apt for contraction by the pelvics. On the other hand 
with constant volume the injection of adrenalin relaxed the bladder to 
pp’, », its radius of curvature remaining unaltered and its museular 
tension being actually lessened: it was therefore better prepared for 
activity than it had been before. 
This contrast in physical conditions was enough to explain the 
differing results. Under either set of conditions the physiological result 
of the inhibition was to oppose the impulse to contraction by the pelvic 
nerves, | 
1 This Journal, xx. p. 877. 1896. 
2 Elliott, This Journal, xxxn. p. 455. 1905. 
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The Urethra. 


The urethra of the cat is admirably adapted for aE ne ae 
It stretches as a uniform tube of plain muscle with a length of rather 
less than 4 cm, from the pyriform bladder to the prostate gland or the 
upper edge of the symphysis. Its mobility and the large size of the 
bladder, which on this long stalk can slip easily into any position among 
the viscera, are a special development whereby the cat can store 
relatively greater quantities of urine than other animals, —— ti 

Regarding its innervation there is only the statement of ee gley 
and Anderson’ that the “hypogastrics have little if any effect on the 
urethra.” Stewart* believed that the sacrals carry motor impulses to 
it, their tonic influence being centrally inhibited by eaten excitation 
of sciatic or the 


To. manometer 


Mypogast ric nerves. 


Fig. 3. of apparatus for of cat’s arethra, 
Description in text. 

Mere watching with the eye is insufficient to discover the iweiniles 
movement ; and the inner diameter of the tube is too small for the 
insertion of a balloon recorder. Trustworthy evidence can best be 
obtained by measuring the pressures under which an entering fluid 
wedge just overcomes and is in turn overcome by the resistance of the 
urethral muscle. The method is explained by the diagram Fig. 3. The 
This Journal, xrx. p. 73. 1895, 
2 American Journ. Physiol. ut. p. 5. 1899. 
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latter was fed through a valve with salt solution at 38°C. from a 


fatigued by repetition of the stimulus. A tracing (Fig. 5) is given in 
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apex of the bladder was opened, and a cork tied in by a ligature more 
than halfway down its wall. Through the cork passed an open short 
tube communicating with the interior of the bladder, and a longer one 
which was pushed down into the urethra for any desired distance. This 


reservoir placed at some height. By a side tube the water on the 
urethral side of the valve was connected with a water manometer on 
which the pressure was directly read, while a continuous record of its 
changes was also inscribed by a bellows recorder. A second trbe was 
passed up the urethra from below, and lay with its open mouth at any 
desired distance below that of the upper. 

_ Change of intravesical pressure simply drove water out of the side — 
escape tube without affecting the head of pressure in the upper urethral 
tube. When the valve was opened (as indicated by the sign + in the 
tracings reproduced), water slowly entered from the reservoir till the 
rising pressure forced the resistance of the urethra between the tubes 
and water escaped by the lower, its exit being registered by a tambour _ 
drop recorder. So soon as this occurred, the influx of water from the 
reservoir was stayed, and the pressure at which the urethra resisted 
passage in turn observed. With so long a urethra a strip could be 
studied 2 or 3 cm. below the bladder, where it was far beyond the range — 
of effect of any pull of the vesical muscle, It was very necessary to keep 
the upper and lower tubes centred on the same axis and an invariable 
distance apart, so as not to alter the longitudinal tension on the urethra. 
In some experiments this was effected by clamping the upper and the 
lower apparatus firmly, though separately, to the table: in others by the 
use of brass tubes to which were soldered three lateral stays binding all 
into a rigid system, ) 

Often the. urethra was never exposed, and the position of the tubes 
was ascertained by feeling with the fingers. But for a short experiment 
both contraction and inhibition can be well enough demonstrated in a 
urethra that has been exposed, raised up in air from the neighbouring 
viscera, and covered only with a light moist flannel. 

Stimulation of the hypogastrics produced immediately constriction 
of such power that 1 cm. of urethra could uphold a pressure of. from 50 
to 60 cm. of water (cp. Fig. 4). The resistance yielded as soon as 
excitation ceased, and the subsequent flow of water through caused a 
passive dilation of the tube so that its closing pressure was for a time a 
little lower than before the contraction. The response is not easily 
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illustration of the similar effect of adrenalin when injected into the 
jugular vein. The contraction is then prolonged a little later than that 
of the blood vessels; and the relaxation is discontinuous. It is only in 
the male that the urethra possesses a sheet of muscle with such 
powerful innervation, where unyielding constriction is needed to prevent 
regurgitation into the bladder from below the prostate, when the 
secretion of the testicles is driven forcibly through the lower urethra 
against the resistance of the surrounding erectile tissue. The urethra 


Fig. 4, Constriction of the cat’s urethra by the hypogastric nerves. Ether; pelvic 
visceral, and hypogastric nerves cut. Tubes were introduced into the urethra from 
the bladder and from below the prostate gland, so that their orifices lay about 2 cm. 
apart, being separated by that length of closed urethra. Salt solution at 88°C. was 
driven into the upper tube at a pressure which could be varied at will. The head of 
pressure was recorded in centimetres of water by a manometer, and graphically traced 
by a bellows recorder, line A. When the finid forced open the urethra, it escaped 
down the lower glass tube and its dropping outflow was recorded by a bellows recorder, 
line B, Cis the signal, Time marked in seconds. | 
_ The urethra just closes against 17m. water. Under a constant pressure of 20cm. 
_& slow flow through it is maintained. Then both hypogastrics are stimulated. The 
resistance is raised thereby and does not yield to a pressure of 52cm. oo 
lation ceases, the urethra relaxes and opens again as before at 17 cm. : 

The rise of the lever in line A to 520m. marks an artifeal (+) inreae of E 
pressure and is in no way caused by the constriction of the urethra, 
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in the. female cat could not withstand a pressure of more than 35 em, 
Section of the hypogastrics in my experiments did not at once lower the 
resistance of the urethra’. | 

These motor sympathetic nerves pass directly from the hbesegttsic | 
sles to the urethra at all points: a ligature placed around the 
urethra and upper tube at successive levels below the bladder does not 
abolish their power, nor doed one around the lower tube above the 
prostate. By moving the system of tubes it appears that there existe 
no special sphincter area, fot a contraction of equal power is exhibited 
at any point in the uréthta. Just below the prostate a similar contrac- 
tion occurs: further I did not investigate because the urethra is 


by the of striped musculature. 


Fig. 5. ‘Constriction of cat’s urethra by adrenalin. Same arrangements as in experiment 
of Fig. 4. Musele of urethra fatigued, as its nerves had already been stimulated at 

‘intervals for 2 hours. It opens under pressure of 11cm. and closes at 
Inject 0°12 mgm, adrenalin into ext. jug. vein. Urethra resists to 49 om. and then 
to more than 50cm. Afterward it gradually relaxes to a resistance of 12cm. The 
‘Time marked in seconds. 


nicotine to lie almost all in the inferior mesenteric ganglia. I have 
never observed on the urethra a motor axon reflex like that described 
by Sokownin for the bladder. This would agree with the anatomical 
fact stated by Langley and Anderson’ that no medullated (and therefore 
probably no preganglionic) nerves pass from the sympathetic to the 
urethra, Many medullated nerves were observed by them to reach the 


Contrast this with the dependence ofthe internal anal sphincter on the hypogestrie, 
Langley and Anderson. This Journal, xvi. p, 83. 1895. 
* This Journal, x1x. p. 878, 1896. 
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urethra from the sacral nerves. Of these a large proportion would be 
sensory; but doubtless some were preganglionic fibres carrying: sacral 
impulses. 

To show such inhibition it is essential that the pelvic nerves be 
dissected out above the rectum where injury to the pelvic plexus cannot 
be done. The relaxation develops rather slowly, and it does not lower 
the resistance by more than a few centimetres (cp. Fig. 6). But its 
occurrence may be proved again and again in the same animal, or 
otherwise illustrated by the acceleration of a slow flow under constant 
(cp. Fig. 7) when the pelvics’ are 


Fig. 6 Relaxation of cat’s urethra by the pelvic visceral nerves. Same arrangement and 
same animal as in Fig. 6: tubes approximated to lcm. and urethra lying exposed, 

S _but under a warm sponge. It opens at 20, closes at 17cm. Stim. both pelvies above 
rectum, Coil 9°5 em. ; no escape of current to other muscles ; urethra relaxes, closing 
atl4em. Subsequently opens again at 20 as before. 


The appearance of the urethra in the diagram might suggest that 
such opening was only the result of its being straightened by an active 
contraction of the outer longitudinal coat, a coat that is histologically 
well developed and contains quite as much muscle as the inner circular. 
Before this explanation there are obvious difficulties, Even supposing 
such contraction mechanically capable of widening the passage, its 
result, the opening, should occur with less delay than was actually 
observed. Moreover the method would be a physiological oddity, an 


end which could be better attained 
inhibition. 


to 40cm. water, and thereafter the hypogastrics were rendered ineffective for two or three 
minutes 
in the same animals. 
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However, twelve experiments were made to examine thé question 
ne direct’ measurement of the changes in the length of the urethra. 
For this purpose the bladder was opened freely, and the urethra 
transected a little above the level of the symphysis. A thread attached 
to this cut end allowed it to be extended bya direct weight of 5 or 
occasionally 10 gm., and, being connected with a lever, recorded with 
ninefold magnification the shortening or lengthening of the muscle. 
The upper end of the urethra below the bladder was fixed by impaling 
it npon a fork made of three needles soldered to a metal rod that was 


Fig. 7.. Acceleration of flow through cat’s urethra caused by excitation of pelvic visceral | 
' nerves. Apparatus as before: nerves from spinal cord cut. Urethra opens at 16 cm. 
permitting slow flow through. Stim: hypogastrics, coil 10cm.: urethra resists to 
26 om. (? cat): opens again at 150m. is 
accelerated by stimulation of the pelvic nerves, coil 10 cm. 
clamped to the table. By this means the nerves and blood vessels 
passing down from the bladder were not greatly injured ; and the fixed 
point being nearest to the bladder, any pull transmitted to the urethra 
from a contraction of the bladder above would simulate contraction and 
not inhibition of the urethra. When the urethra was transfixed 3 or 
4mm. below the bladder, no such transmitted pull vitiated the record 
from the available 15 to 20mm. below. . . 
The enveloping fat was removed, and the urethra raised well above 
the underlying viscera. Excitation of the pelvic visceral nerves always 


caused some relaxation, the length being increased at the most by one- 


twentieth. In both axes of the tube, then, these nerves cause the 
muscle to relax, and their action must be simply inhibitor. 
25—2 
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But thé hypogastrics do not innervate equally the circular and the 
longitudinal muscles; for the urethra shortened but a very: little im 
response either to their excitation or to the injection of adrenalin, 
although in every case the lower part of the empty: bladder was seen to 
contract very actively with each stimulation of the hypogastrics. In 
one experiment, however, manifest. shortening of the urethra by one- 
seventh of its length followed stimulation of the hypogastrics or the 
injection of adrenalin. The cat in question was a female far gone in 
pregnancy, and the urethra was involved with the overgrowth of the 
uterine muscle; but the contraction was undoubtedly its own, for it was 
seen that the same nervous stimulation caused the underlying cervix 
uteri to relax. Three further experiments were consequently made on 
cats in a like condition of pregnancy, but in none of these was a greater 
shortening found than that normally produced in non-pregnant animals. 
It would therefore appear that the hypogastrics are motor to both the | 
muscular coats, but that their action is very slight in the case of the 
outer longitudinal though its muscle is so plentiful. This peculiar 
difference explains the observations of Langley and Anderson quoted 
above; for inspecting the urethra directly they could only yenectve 
shortening and must miss the internal constriction. 

The opening of the urethra can always be provoked as a reflex under — 
an and curare from the central end of the great sciatic nerve, but not, 
so far as I have seen, from the small sciatic or the pudic. It is not clear 
why the one nerve should, and the other should not, be capable of easily 
influencing the sacral visceral cells in the cord. The two ineffective 
nerves, the pudic and lesser sciatic, are nearer segmental relations of 
these cells than is the great sciatic. Perhaps - association is that of 
hakataal 


Reflex evacuation of the bladder is easily produced by its over 
distension in the etherised cat. The reflex is unaffected by section of 
the hypogastric nerves, but disappears when the pelvics are cut?; and it 
fails when the C.N.S. is depressed by any shock, for example often by 
that of destroying the brain, ss 

- Goltz* described a scheme by which the conscious nelle for 
micturition could arise. Growing distension of the bladder was to 
increase the amplitude of its rhythmic movements, until on the crest of 


' Cp. Guyon, on onraried dogs, Comptes rendu Soc. 1900. 
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one of these a few drops of water were forced past the barrier of the 
sphincter into the urethra, and stimulating its mucous membrane 
caused the “ harndrang.” Reflex contraction of the bladder was indeed 
recognised by.Goltz to be a natural reaction to its distension : subsequent 
to this came the affection of consciousness by the irritation of the 
urethra, and then deliberate facilitation of discharge, or its repression, 
by willed contraction of the abdominal muscles or of the sphincter 
respectively. His view has been accepted by many writers, but a little 
distorted into the belief that the whole reflex originates from the 
urethra, That is opposed alike to clinical observation and physiological 
experiment’, The reflex is not lost in cases, as that of gonorrheal 
urethritis posterior, where the mucous membrane of the urethra is 
destroyed: it can be perfectly well produced in the cat when a catheter 
the neck of the bladder. : 

- Obviously the reflex is determined, as Zeiss! and Guyon maintain, 
by the tension of the bladder muscle. The actual tension of the wall 


varies directly as the product of the volume of fluid contained and of 


the pressure to which it is submitted ; consequently it is impossible to 
name @ critical value of either pressure or volume independently as 


determinant of the reflex. Mosso? indeed found that a trained and 


unanesthetised dog exhibited the reflex always at a constant pressure 
of 20cm. whether the volume were of 60 or 120 cc., and he concluded 
that the fluid pressure is the essential factor. But I have produced it 
repeatedly at quite low pressures by simple increase of volume. In one 
Exp. under A.C.E. the pressure values as the volume was raised were 
v. 10 cc, p. 05 cm.; 20 ¢.c., 2:0:cm.;. 30, 20; 40, 2°5; 50, 40; then 
oscillatory rise to 60 cm., at which level, being the top of the manometer, 
40 c.c. were discharged: again v. 20 c.c., p. 2°0 cm.; 40, 3:0; and rise to 
discharge 30 at 60cm. In another cat the. was at a 

pressure of 8cm. with any volume above 40c.c. But a third bladder, 


that had been chilled by exposure, would not tolerate more than 15 cc. 


Nervenheilkunde, xxi. p. 180. 1901). A-dog’s spinal cord was transected at about Th. 13, 
thus leaving all the bladder nerves intact. Reflex evacuation subsequently developed to 
full power, Yet often, as the animal moved about, water was observed to trickle out from 
the urethra without causing a reflex discharge. Fluid in the urethra did provoke a reflex 
contraction of the ischio- and bulbo-cavernosus. The discharge from the bladder was not 
end of S1. 
2 Archives Ital. de Biol. 1. pp. 97.and 291, 1882, 
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Obviously, however, simple increase of muscular tension: by voluminal 
dilation is not the single originator of the reflex, for not even in the 
civilised ‘beings, where central dominance of the ‘reflex is — 


is there apperception of the volume of the vesical contents, © 

’ The reflex may be influenced from various points, Thus in one , case 
the bladder was filled by successive steps of 10c.c. up to 60.cc., the 
pressure then remaining steady at 12cm. Rhythmic compression of 
a nipple—the cat having recently suckled kittens—now. caused’ the 
tension to rise ‘a little and the bladder then contracted fully. The 
experiment was repeated, the 
same facilitation of the reflex by touching the nipple. ~—. 

Origin in the spinal cord of the pelvic visceral nerves. The snecven 
to thi cat's bladder issue by the 3rd, 4th, and 5th lumbar, and by the 
“nd and 8rd sacral spinal roots. There is no proof that efferent nerves 
issuing by any spinal roots may arise from cells: at a remote segmental 
level and travel some distance in the cord before emergence. Yet that 
view is suggested by some work. touching the position of the vesical 
centres. For example Stewart’ showed that motor impulses from the 
brain to the cat’s bladder cross in the cord as low as L5, but that reflex 


contraction from the great sciatic failed after transection below L2. So 


he agreed with his predecessors that the vesical centre lay at L4, 
making the more or less implicit assumption that the spinal _ for the 


_gsacrals had the same station. 


‘The micturition centre is undoubtedly sina Miller (loo cit. p. 
131) observed complete discharge in a dog whose lumbar cord had been 
excised down approximately to the first sacral. I noticed forcible 
spontaneous evacuation in cats five days after transection.of the cord 
below L6. It was a good: reflex contraction, and quite unlike the 
abnormal compensatory movements developed later after injury of the 
proper sacral machinery. To ascertain precisely whether or no a few 
sacral efferent nerves do travel down the cord I made use, at the sug- 


gestion of Professor Langley, of the method of degenerative section 


followed by histological analysis. 


In four experiments the spinal cord was completely transected. 
Intervals of 5 to 8 days were allowed for degeneration of the motor 


nerves, One transection was just above’ L5, the great sciatic arising — 


from L6 and L7; and two were just above L6, the origin of the sciatic 
— Physiol, u. p. 182. 1899, with full references to previous work on 
2 The fifth lumbar being the sixth subcostal nerve. 
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being the same. In none of these was a single degenerated fibre 
revealed by osmic acid in either pelvic visceral nerve. The fourth 
transection was between L7 and S1. On the right side, where the 


pelvic was derived chiefly from the first sacral, about half the fibres were 


degenerated; on the left, in which the second sacral was the chief 
source of these nerves, only one-third showed the injury. Excluding the 
sensory nerves, maximum degeneration of all the efferent fibres would 
have affected about two-thirds of the trunk. The close approximation 
of the spinal segments below L7 made it difficult to cut the cord at 
one without traumatic injury of the next lower. So the analysis was 
uot made in greater detail. But the anatomical facts agreed with the 
deduction from the physiological reflex. Nota single motor cell of 
the pelvic nerve is situated above the spinal root origin se 
the great sciatic nerve. 

: An attempt was mede to determine the position of these cells by 
Nissl’s chromatolysis. In the experiments the right pelvic nerve was cut 
dorsally of the rectum by incision at the root of the tail. My operation 
involved the injury of very few other nerves, at the most of a few motor 
fibres to the caudal edge of levator ani; for the skin cut was only a 
matter of sensory nerves, and the recto-coccygeus is itself innervated 
by the pelvic postganglionic fibres. After 5 to 15 days the cat was 
examined under ether, killed, and its vessels washed out with warm 
saline and then with fixing fluid. The spinal cord was then removed — 
into absolute alcohol, or in other cases it was directly oncinel without 
preliminary fixation and hardened in alcohol. 

Many serial sections were prepared, but the results were not quite 
conclusive, No alteration was observed in any cells of the great 
anterior horn. A group situated dorsally of these at the angle in the 
twixt horn region, and just internal to the white matter, always 
presented some change. As the cells were small, elongated, and 
possessed little cytoplasm, they could not be judged easily by change of 
the Nissl staining granules: but in thick sections their nuclei were seen 
to be displaced excentrically. Accepting, though with diffidence, this 
nuclear change as a token of the cells affected by section of the nerve, 
one would then believe the spinal cells of the sacral visceral nerves to 
have the same position’, relative to the great) mass innervating the 
striated muscles, as has been assigned to the 
thoracico-lumbar or sympathetic nerves. 

1 Op. references in Herring's paper. This Journal, xxx. p- 282. 1903; alsoBruce’s 
survey of the intermedio-lateral tract in man, Trans, Roy. Soc. Edinburgh, 1906. 
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in the last 25 years bes dealt with the dog alone, The mass of 
observations so. accumulated renders it unnecessary for the broad 
purpose of this paper to study the dog more closely, Only. a. few 
_ experiments were made to test the main results already described. 

Hypogastric nerves, From Gianuzzi’s observation in 1863, that a 
slight’ contraction of -the bladder answered to impulses. carried by 
these nerves, there was no advance until in 1893 Zeissl endeavoured 
to establish the validity of Von Basch’s law in the bladder, to prove 
that the hypogastrics are motor to the circular muscle. of its sphincter, 
inhibitor to its body. In a series of papers’ and by varied experiments 
he sought-to uphold such inhibition. Not one of: his published curves 
illustrates the desired movement. best ( Wiener Klik, p. 147, 
1901) gives no quick clear downfall after the primary contraction : the 
relapse is slow, slight, and not other than might. be ascribed to a passive 
yielding of the bulk of the bladder. The claim based upon these curves 
is not substantiated by any numerical, measurements of pressure and 
volume changes, Griffiths* stated: that occasionally a fall of pressure 
followed stimulation of the hypogastrics; and that such could be reflexly 
produced by central excitation of the pudic nerves. In the latter case 
he did not distinguish between central and peripheral inhibition. Since 
then the occurrence of inhibition has been denied by all workers 
Rehfisch’, Fagge‘, and Wlasow’ agree that the sole response is that 
of a slight contraction. 

I have made eleven experiments on this question, A pressure rise of 
1 to 4cm. water, or a voluminal contraction of 10c.c. on a vol. of 150 cc., 
or of 20 on 350 c.c., p. 15, resulted from excitation of the hypogastrics, 
but never a fall that having regard to the general trend of the tracing, 
could seriously be attributed to inhibition. Indeed the contraction was 
generally sustained. Especially was it so when the tension of the bladder 


‘1 Pftiiger’s Archiv, um, p. 560. 1898 : Ly. p, 569. 1894: tnx. p. 006. 1902: Wiener 
_ Med. Wochensch. pp. 460 and 1202. 1901 : and general summary in veer Sey seen. 
p. 125. 1901: 
3 Journ. Anat. and Physiol. xxxx. pp. 61 and 254. cyan 

3 Virchow’s Archiv, ouxr. p. 529. 1900. 
_ * This Journal, xxvm. p. 304. 1902. 
xu. p. 75. 
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wall was already high by reason of gréat distension, that is precisely 
under those conditions which facilitate the demonstration of inhibition 
in ‘the cat. The contraction is not extensive and it developes more 
slowly than in the cat; but it is powerful, for it can produce a further 


rise even when the intenvieienl pressure is greatly exalted by stimulation 
of the pelvics,. The inferior are 


electrodes on hypogastrics and right pelvic nerves. Catheter up urethra, and vas. gene 
pressure changes recorded with constant volume of 80c.c. 

| Adrenalin, 0°65 mgm., injected. Slight contraction of the bladder resulted; but 
stimulation of the right pelvic nerve cansed practically the same pressure rise both 
during and after the time of adrenalin action. P 9 (secondary coil at 9cm.) and H8 
gastric nerves respectively. 3 : 


Anesthetics were changed; unipolar stimulation and other means 
tried : but all failed’ to cause inhibition. Nor could I reproduce the fall 
described by Griffiths as a central reflex from the pudic nerve. This 
failure agrees with Zeissl’s experiments, though not his theory. More- 
over it is supported by the fact that adrenalin produces in the dog’s 
bladder only a slight pressure rise, similar to that caused by the hypo- 
gastrics, which then temporarily lose their power of causing a rise while 
the action of the’ pelvics is not thereby suspended (cp. Fig. 8). Ergo- _ 
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toxine! has a curious effect. The drug in general paralyses contraction 
but not inhibition by the sympathetic nerves or by adrenalin. Thus in 
the cat it annuls the constriction of the urethra, but allows full relaxation 
of the bladder, In the dog it simply inverts the ‘response to adrenalin. 
A bladder which with a vol. of 850 c.c., both pelvic and hypogastric 
nerves béing cut, contracted 20 c.c. when the hypogastrics were excited, 
after the injection of ergotoxine relaxed to precisely the same extent in 
response to adrenalin: the hypogastrics then produced a diminished 
contraction, It is probable that a much larger dose of ergotoxine would 
have gone further, and not only paralysed the hypogastric contraction 
but have actually enabled these nerves to produce a slight relaxation 
similar to that caused by adrenalin after moderate doses of the poison. 
This was indeed proved to be the case in the ferret (p. 398), but 
parallel experiments were not made on the dog. 

The evidence drawn from the action of drugs combines with that 
based on the direct excitation of the nerves to justify an unreserved 
statement that the hypogastrics in the dog supply functional 
nerves to only a very small area:‘in the base of the bladder. 
Considering the habits of the dog, the absence of general inhibitor 
nerves is surprising. - 

The area is that of an outspread of the motor nerves to the urethra 

and sphincter of the bladder. Budge* observed that direct electrical 
_ stimulation of the urethra caused its contraction. By Zeissl (loc. cit. 
1893 and 1894), Rehfisch’, and Wlasow it was proved that outflow by 
the urethra is checked upon stimulation of the hypogastrics. Courtade 
and Guyon* gave direct records of the contraction of the muscle at the 
neck of the bladder, and Fagge illustrated the closure by balloon records 
from the interior of the urethra, while he determined its power to be 
such as would resist a head of 46 cm. water’. 


1 This is the name now given by Dale to the active principle of ergot which is con- 
1906) 

2 Phliiger’s Archiv, vi. p. 806. 1872. 

® Virchow’s Arch. cuxt. p. 529, 1900. In a previous paper (ibid. cu. p. 111. 1897), 
Rehfisch tabulates numerous observations on the closing pressures of the sphincter in life 

man, 

_ * Arch, de Physiol. norm, et path. p. 622. 1896. 

® The few observations that I made on the dog did not reveal so powerful a constriction 
of the urethra. The sphincter at the neck of the bladder contracted fairly when the 
hypogastrics were stimulated, but the adjoining urethra, in the female at any rate, was not 
forcibly constricted (cp. Exp. p. 406). It is conceivable that the dog, with its habit of 
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Sacral-or pelvic nerves. Their motor control of the bladder requires 
no discussion. Fagge measured the rise of intravesical pressute so 
caused, and found it to be 24 cm. of water, that is a little more than 
enough to overcome the normal resistance of the sphincter. The value 
is far too low.. Narcotisation by morphia could not have been alone 
responsible for the apparent weakness; for in & small terrier that had 
received 80 mgm: of morphia and had been under A.C.E. for three hours 
I found the pelvic nerves to be capable of = wens intravesical pressure 

up to-one and a half metres of water. 

Rehfisch, Fagge, and Wlasow do not accept the view 
by Zeissl; that the sacrals relax the dog’s sphincter. Believing that the 
hypogastrics constrict the orifice, the choice lies hetween three means ier 
its dilation in micturition : 
central inhibition of tonic contraction; 

ii. passive dilation by the pull of the contracting bladder, 

iii, active inhibition of the muscle’ itself. ' 
The first is approved by Rehfisch, and advocated by fihemant for the 
cat though he is driven. to suppose that the sacrals are the efferent path 
for urethral contraction. Zeissl’s experiment of tying a large tube into 
the base of the bladder, when outflow without pressure rise resulted upon 


stimulation of the pelvics, placed beyond doubt a real dilation of the 


sphincter by these nerves. The reflex dilation from the central end of 
the great sciatic was also shown to depend on their integrity and not on 
that of the hypogastrics, so that it too was not a case of central inhibition — 
of tone. But the dilation might be partly attributed to the action (ii) 


suggested by Kohlrausch and others, for the ligature around the base 


of the bladder would not check the contraction of the small portion of 
the detrusor extending from the ligature to the urethra. Hanc' made 
a fair differentiation between ii. and iii. by studying how various poisons 
could selectively affect the two responses. Under uniform conditions 
the reflex response to central excitation of the great sciatic varied widely 
in its relation between rise of intravesical pressure and urethral outflow. 
With strychnine at times outflow occurred earlier than the bladder con- 
traction. These experiments are not quite conclusive, for they made no’ 
analysis of the efferent paths. Moreover changes in the character of 


contraction of the poisoned detrusor or an inversion of the nature of the 


C.N.S. reflexes might be responsible for the varying relations between 


arrested micturition, has developed rather the power of instantly checking cutfiow by con, 
traction of the striated muscles lower down the stream. 
Pfliger’s Arch. p, 458. 1898. 
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pressure risé and outflow: Yranklhochwart and Fréhlich’s' results 
touch more nearly the point at issue. Employing Zeissl’s method they 
observed that in 8 out of 21 dogs stimulation of the cortex cerebri pro- 
duced outflow without pressure rise: The hypogastric nerves were cut, 
excluding central inhibition of impulses passing by these.nerves. 

- Against this Fagge’s observations do not weigh heavily. The slight 
contdaation about a balloon: recorder in the urethra noticed by him, when 
the pelvic nerves were stimulated, might have been due to dilation of 
erectile tissue. And the argument based on the fact that the opening 
pressure for outflow is the same whether it occur with pelvic excitation 
or artificial increase of intravesical pressure counts for little in view of 
_ the rapidity of the detrasor contraction and the longer latent period of 
sphincter relaxation under the abnormal conditions of experimental 
study: identity of the closing pressures would have been a more serious 
objection. 

So the sum of the te ol | 
natural mechanism, that is of inhibition of the sphincter, similar to that 


Taw 


| The bladder and the of the 
ureters being at a distance from the apex of less than half the bladder’s 
total length. If the orifices of the ureters and those of the genital ducts 
are to be regarded as landmarks of morphological permanence, it would 
that the muscular tube intervening between these, which in 
the cat constitutes the base of the bladder and the narrow but long 
urethra, with a somewhat similar development in the dog, is in. the 
rabbit dilated to an equal calibre with that of the bladder above the 
ureters (ep. diagram, Fig. 11) and all serves for the storage of water. 
The pelvic visceral nerves, when stimulated both together, cannot 
raise the pressure to a much greater height than 25.cm.; and contraction 
developes slowly, and is early fatigued. The main movement is always 
of the apical half of the bladder, the ventral wall of the lower half 
responding weakly, and the lower dorsal wall, that is the area limited 
headwards by the line joining the two ureters, is unaffected, Care i is 
needed in the isolation of these nerves, lest the very delicate filaments of 


1 Neurol. Centralb. No. 14. 1904, . 
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the bladder seem to be unconnected with the nerves, But the same 
distribution of the nerves was ascertained by stimulation of the sacral 
spinal roots without dissection of the pelvic plexus. Associated with the 
weakness of motor innervation is the fact that direct faradisation of the 
bladder -wall does not initiate a sudden and strong contraction, as in the 
cat, but only a slow and slight i increase of tone: moreover ee 
— of tension were never seen. 

The hypogastric nerves are slender, but their stimulation sii an 
invariable effect. The sheet of muscle between the ureters, that is the 
dorsal area of the lower half, contracts strongly and with fair speed, but 
it too shows fatigue early, much sooner than do the vasa deferentia. 
The ventral lower half, which was seen to contract when the sacral 
nerves were excited, gives no movement; and the curve of volume 
changes of the entire contents of the whole bladder was never of such a 
character as to suggest inhibition by the sympathetic nerves of the rest 
of the wall. Similarly intravenous injection of adrenalin — id 
contraction of the dorsal area and of the sphincter. 


These results do not agree closely with those stated by other observers. Budge! 
indeed remarked on the difficulty of inducing the rabbit’s bladder to contract, and even in 
old bucks could not elicit a pressure rise of more than 9cm. But Nawrocki and 
Skabitsechewsky* from ocular observations described rabbits ‘‘deren Blase viel 
reizbarer ist als die der Katze.” And Langley and Anderson? observed a “‘strong” 
contraction of the bladder when the sacral roots were stimulated. Langley‘ also ascribed 
to the sympathetic nerves an effect on the rabbit's bladder like that on its descending 
colon, being “ contraction and inhibition of the whole muscular tissue of the organ.” . 


_ As the bladder passes into the urethra beneath the symphysis pubis 
it is in both sexes encircled by a dense venous plexus, and crossed in 
front by a considerable mass of the obturator internus muscle. Though 
the former might, the latter could not control the passage. The urethra 
itself is lax and of the widest calibre; the vasa deferentia or vagina open 
upon it just within the venous plexus and 1 cm, below the upper edge 
of the symphysis. Immediately above this point, that is at the upper. 
limit of the venous plexus, a sphincter is developed in its wall. | 

The anatomical arrangement of these parts places difficulties before 
the attempt to measure the resistance of the sphincter. Some experiments 
on its action were made by studying the resistance to outflow from the 
bladder, and others by placing within the sphincter a cylindrical balloon 

1 Henle’s Ztechr. f. rat. Med. xxt. p. 174. 1864. ae 

Pfliiger’s Arch, xuvin. p. 341. 1891... | 

3 This Journal, x1x. p. 79, 1895. 

4 This Jowrnal, xm, 1891. Proc. Physiol. Soo. p. 
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recorder with rigid:ends bit flexible walls which would represent only 
the changes in the’ muscle in direct contact with them. Excitation of 
the hypogastrics always caused the sphincter to contract rapidly and with 
fair power, insomuch that in the rather doubtful measurements by resis- 
tance to outflow it could uphold a head of 40 cm. water. Adrenalin, 
when injected into the circulation, had a like effect, the indenting of on : 
sphincter being very obvious to the eye. : 
_ The sacral nerves on the other hand inhibited the sphincter. The 
unavoidable exposure of the muscle during the dissection of the nerves, 
and the fact that the sphincter is always relaxed in the anzsthetised 
animal, made the demonstrable change of tension slight: still it was 
always observed in the first hour of an experiment. 

_ The bladder of the rabbit may be regarded from the point of Wi view of 
function as representative of a third type. It approximates to a passive 
receptacle, The main control of micturition is vested in the sphincter, 
whose contraction must be: directly inhibited in order that. the feeble 
walls of the bladder may expel what they enclose. The urethral passage, 
even in the male, is peculiarly wide and unrestricted, so that only a slight 
pressure is needed to expel: the thick and somewhat gelatinous urine. 
But a powerful contraction of the sphincter by the hypogastrics is 
necessary in the female as well as in the male, for the vestibule is in 
more direct and wider communication with the urethra than is the 


the very of the snatomieal in dog | 


Kupressow' and Ott* do not smoothly harmonise. . By successive transections of the 
cord from above downwards, they found that the resistance to outflow fell suddenly when 
the section reached a level below the fifth or sixth lumbar vertebrm, that is probably when 
injury was done to the extradural roots of the sixth lumbar nerve, and to the intradural 
roots of the same and also of the seventh and the upper sacrals. But the spinal origin 
of the hypogastric nerves is chiefly trom the fourth lumbar segment, and yet no-control 
_ of the sphincter was indicated by a change in the resistance after injury to this region. 
Kupressow’s measurements give a high value to the resistance, suggesting that the method 
of experiment did not fully distinguish between contraction of the sphincter and of the 
surrounding musculature which could influence outflow. The differences tabulated by Ott 
_areslight. It may be supposed that the injury to the sacral cord, by excitation first inhibited 
the sphincter and then rémoved any obstacle caused by the striped muscles adjacent. _ 

Masius® observed an escape of urine after transection of the cord at the second 
sixth vertebra. 
* This Journal, u, p. 42, 1880, Stan 
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IV. Tae 
(Mustela putoriue, var, domestion) 

the ferret’s bladder is thick walled, of small size, and sails exhibits 
thythmic contractions. In response to excitation of the pelvic nerves 
it contracts ‘forcibly, and the reaction can be evoked again and again 
with but little fatigue. The first sacral spinal roots together will raise 
_ the pressure to 45 cm. ; the second pair contain rather fewer motor fibres, 

being incapable of a rise above 30 cm. — 

‘The peculiarity of the bladder in this animal is that it contracts in 

its entirety when the hypogastric nerves are stimulated. To the eye the 
contraction does not differ from that produced by the sacral nerves. 
Whether under isotonic or isometric conditions it is as rapid as the 
other, and it is well sustained without relaxation ; but it does not attain 
to quite so high a maximum of tension. The parallel contraction by 
adrenalin was shown in a tracing published in an earlier paper’. A 
peculiar and inexplicable characteristic of the latter reaction is that it is 
prolonged for it may be more than 15 minutes, whereas that induced by 
the hypogastrics ceases with the stimulus, The prolongation is not due 
simply to the slight cold of exposure. An extract of the ferret’s supra- 
renals produces the same result as adrenalin. Painted directly on the 
bladder wall, the drug causes a local contraction which does not irradiate 
over a circular area, but spreads along some bundle of fibres obliquely 
round the bladder so as to constrict it into an hour glass shape. Similar 
application in the cat causes only relaxation confined to the immediate 
neighbourhood. 
Apart from the evidence afforded by the action of adrenalin, it can 
_ be proved by examining the spinal roots, that the contraction is effected 
by true sympathetic nervous impulses, not by vagrant sacral fibres that 
might be taking the road of the hypogastrics. In an animal in which 
the great sciatic nerve originated in the 7th lumbar and Ist sacral roots, 
the effective lumbar roots were the 3rd and 4th (¢.e. 4th and 5th sub- 
costal), with a very slight action from the 2nd. 

The tone of the bladder is not markedly depressed by section of either 
set of nerves, Ansmia*, by obstruction of the abdominal nota canine 
the decentralised bladder ed contract moderately, 


1 Elliott, 406. 19085, 
2 Op. This Journal, xxx. p. 165. 1904. 
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The sustained curve of the hypogastric contraction, like that in the 
dog and rabbit but unlike that in the cat, makes it improbable that 
inhibitor fibres should be lying side by side with the motors in these 
nerves, Yet when the bladder is in the prolonged contraction induced 
by adrenalin, the injection of ergotoxine causes-abrupt relaxation by an 
immediate paralysis of the motor effect. And then adrenalin produces, 
as in the dog, pure inhibition: while the hypogastrics cause a diphasic 
curve as in the normal cat, the extent of contraction and relaxation 
respectively varying with the animal, with the dose of ergotoxine, and 
with the volume of the bladder. _ 

_. The evidence is insufficient to appraise ighily the. value of this 
argument from the action of ergotoxine. In the cat it is certain that 
the hypogastrics contain a few nerves causing contraction of a thin 

superficial sheet of muscle on the dorsal surface of the bladder, and a 
greater number which suffice to inhibit all the rest of the muscle. 
Adrenalin reproduces only the relaxation of the latter. Ergotoxine 
lessens the motor action and leaves inhibition unimpaired. 

- In the dog’s bladder the hypogastrics supply nerves only toa ‘mall 
area at the base. Here ergotoxine converts the motor action of adren- 
alin into that of inhibition. Lastly in the ferret the original contraction 
by the hypogastries extends over all the bladder and is simulated by 
adrenalin. Ergotoxine converts the response to either stimulus. into 
inhibition. Is it to be believed therefore that inhibitor nerves are pre- 
existent in the ferret’s hypogastrics and are revealed by paralysing the 
predominant motors? That does occur in the cat; and the explanation 
harmonises with what is known of the action of ergotoxine on other 
viscera. Or is the change to be interpreted by the analogy of the dog 
as being an actual inversion of nervous activity ? 

Whichever be the right answer, there is no doubt of the. main fact, 
that the hypogastrics innervate a muscle which clothes the whole of the 
bladder, and that the normal reaction of this muscle to sympathetic 
excitation is that of forceful contraction,. The peculiar band wise 
irradiation of the contraction from a spot painted with adrenalin suggests 
that the muscle concerned i is an outer shell enveloping an inner mass 
which responds to the sacral nerves, that it is indeed a great overgrowth 
of the thin sheet described in the cat. Still such a hypothetical splitting 
of the bladder wall into two laminz was not confirmed by any difference 
manifest to the eye between the results of the two modes of nervous 
; excitation. That ergotoxine paralyses the hypogastric and not the pelvic 

—" does not touch the question at issue; ' To believe that one 
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muscle fibre may receive motor nerves from two entirely separate sources 
is a difficult alternative, though supported on analogy by the current 
view of the double innervation of the salivary glands. 

It would have been of great interest to examine the functional 
use of this hypogastric innervation ; to learn whether it can evacuate the 
bladder after section of the pelvics, and whether the ordinary sympathetic 
constriction of the urethra is altered in — to facilitate such evacuation. 
But the experiments were not made, 


V. Macacus 


The bladder of this monkey is strong walled, but of much smaller 
capacity than that of the cat, holding at the utmost not more than 
30c.c, The urethra is short, and does not permit the bladder to rise 
out of the pelvis when distended. So the general anatomy resembles 
closely that of man. I am not aware of other observations on its nerve 
supply than those of Sherrington’, who found motor nerves in both 
lumbar and sacral spinal roots, but saw inhibition neither in it nor in 
the cat. 


Fig. 9. Inhibition of bladder of monkey, Macacus rhesus, by adrenalin. Ether. Vagi, 
hypogastric, and pelvic nerves cut. Volume changes of bladder under constant 
pressure of 15 cm. 

Inject 0°45 mgm. adrenalin into ext. jug. vein. Bladder relaxes from 10 to 26 c.c. 
and its rhythm is checked. 


‘Stimulation of the hypogastrics produces a voluminal shai of 


much the same character as that seen in the cat. First is a slight 


1 This Journal, xu. p. 679. 1892, 
PH. XXXvV. 26 
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contraction of 1 to 2c.c. on a vol. of 20c.c., and then ensues definite 
relaxation with arrest of rhythm. This relaxation with adrenalin 
reached the extent of 16 c.c. on v. 10, p. 15 (ep. Fig. 9). In the three 
experiments that I have made, inhibition by the hypogastrics was not 
so great: and to both the nerves and the drug the response soon failed. 
On a pressure record with constant volume of 10c.c., the pelvics being 
uncut, the hypogastrics caused a fall from 21 to 18cm. And both 
pelvics together (the dissection for these above the rectum being 
precisely the same as in the cat) on a vol. of 15 c.c, raised the pressure 
to about 40 cm., the rise being neither so rapid nor powerful as in ona 
cat. The urethra was not examined. 

-The control of the bladder by the hypogastrics i is therefore much the 
same in the monkey as in the cat. But the smallness of the initial 
contraction deserves note. It has been urged that the contraction at 
the base indicates a separate morphological platform, limited by the 
ureters, of ‘motor sympathetic muscle on which the rest of the bladder 
has been raised. The ureters enter higher up the bladder in the 
macacque than in the cat. The anatomical platform therefore con- 
stitutes a bigger fraction of the entire — and ia ss contraction 
is less. | 


VI. OTHER ANIMALS. 

With the object of learning whether these several different forms of 
hypogastric innervation can be related to that kinship of mammals 
which determines zoological classification, a few experiments were made 
on an:mals of other groups. 

Indian Mongoose (Herpestes mungo). The bladder is small with a 
fairly long urethra, resembling anatomically, as does also the colon, that — 
of the cat rather than that of the ferret. But physiologically it was like 
neither, for in the single experiment made the hypogastrics caused a 
very small contraction at the base, and so too did adrenalin. The direct 
application of adrenalin to the bladder wall had no effect. The pelvic 
nerves caused full and strong contraction, this being entirely confined 
to one side when one nerve alone was stimulated. 

Indian Civet Cat (Viverra zibetha). Only one animal was examined, 
and. it was in ill health. The bladder was of fair size (v. 40, p. 15 for 
body of 2,000 gm. ), but did not take so free an abdominal position as 


1 Some of these, by the kind leave of ite Director, were made in the Welleome 
Physiological Research ry. | 
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in the cat, Electrical excitation of the hypogastrics caused contraction 
of the bladder right up to its apex. The pelvic nerves had a similar 
effect. If there were any local difference of innervation it was that the 
hypogastrics caused especial contraction at the apex, and the pelvics at 
the base of the bladder: but the difference was probably due to differing _ 
exposure of the bladder at different times. Contraction with adrenalin 
was much less forcible than with the hypogastrics. Perhaps this may 
have had reference to the very poor health of the animal: yet the 
reaction of the blood vessels was not subnormal. Such contrast in 
efficiency between the chemical and nervous forms of excitation is the 
inverse of that for contraction in the ferret and goat, and for inhibition 
in the cat, monkey, and pig. 

The Pig. An adult animal was not obtained. In each of two young 
females the bladder was found to be of large capacity. Stimulation of 
the hypogastrics produced only a slight contraction of the base, followed, 
as it seemed, by some inhibition. Adrenalin beyond a doubt caused full 
relaxation of all the body of the bladder. So in this animal the innerva- 
tion, if analysed with greater care, en probably be found similar to 


that of the cat. 


The Goat. The bladder is fairly strong walled, but of very small 
volume. In one animal, a large male of 30 kilog. and in rut, its volume 
was less than 100 c.c., barely exceeding in absolute capacity that of a 
large cat. The bladder exhibited no rhythm, and its tone did not 
depend on the integrity of the sacral nerves. After destruction of the 
sacral spinal cord, excitation of the hypogastrics reduced the volume of 
40 c.c., p. 20, by one-third. Intravenous injection of 1 mgm. adrenalin 


caused its complete contraction at all points so that it assumed a 


curiously knobbed appearance. This contraction was not prolonged as 
in the ferret. 

_ But the bladder of a female goat was found to be of distinctly larger 
volume, while it gave a contraction of but 5 or 6 c.c. on v. 90 when the 
hypogastrics were stimulated. And in a second female the intravenous 
injection of 1 mgm. adrenalin, after destruction of the lumbo-sacral 
spinal cord, caused a similar quick contraction of but 5 or 6 cc. on 


_v. 70, In both these the contraction was only of the base of the bladder, 


whereas in the male it had extended over all the surface. Here there- 
fore, a difference must exist between the innervations of the bladder in 
the two sexes, that.of the female resembling the arrangements in the 
dog, while in the male it is much as in the ferret. The contrast is not 
due to a growth of sympathetic muscle simply in connection with sexual 
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activity, for the bladder of a castrated he-goat was found to react to 
adrenalin somewhat after the manner of the entire male. Thus 
0°75 mgm. caused it to contract visibly everywhere, though only to the 
extent of 25c.c. on v. 75, p. 25: stimulation of the hypogastrics could 
effect only a basal contraction of a few c.c. as in the female. After the 
injection of 20 mgm. ergotoxine 0°5 mgm. adrenalin excited, instead of 

contraction, moderate relaxation. The experiments were too few and 
incomplete to determine the anatomical nature of the changes in the 
male goat. In an old female sheep the reactions were like those of the 
female goat. 

This cursory account of the various mammals suffices to remove the 
idea that a particular type of bladder innervation must be imprinted on 
every member of a zoological family. If not within the Viverrid, at 
any rate in the Aeluroidea all three possibilities are exhibited by the 
cat, ferret, and mongoose respectively. The pig differs from the goat ; 
and even the male goat is unlike the female. 

But the differences of physiological behaviour are correlated with 
obvious differences in the bladders themselves, Thus the motor type of 
hypogastric innervation is associated with a bladder of small capacity that 
in the ferret certainly is evacuated with great frequency. Inhibition by © 
the hypogastrics in the cat. appears with an extremely large bladder. 
Its absolute capacity is about 80c.c., more than 7th of the body weight. 
That of a ferret is about 5cc, or zigth. An average value for 
bladders of the indifferent type is about ;4,th of the body weight. But 
in the macacque monkey hypogastric inbibition occurs, while the 
bladder volume is about 30 ¢.c. or 7;th of the body weight. Therefore 
great capacity is not indissolubly associated with and to be regarded as 
a certain indication of inhibitor nerves. 

A second Physiological characteristic of the bladders in which 
inhibition is manifested, is the large amplitude of their rhythmic 
contractions. These movements are often very conspicuous in tracings 
taken from the cat and veces gots they are faint in the dog, rabbit, and 
ferret. 

Man. As zoological kinship has been shown to be of so slight 
determinant value for the varieties of bladder innervation, the nature of 
the hypogastric supply in man cannot be deduced from what was found 
in the macacque. Here the only methods of enquiry possible are those 
of direct experiment by painting the muscle with adrenalin, and of 
indirect, deduction from the capacity and rhythm of the bladder. 

The first I have had the opportunity of applying in a case, J, of 
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_ moderate cystitis in which the bladder muscle did not seem to be much 


harmed. During exposure of the bladder in the first stage of the opera- 
tion for suprapubic cystotomy, a solution of 1:2000 adrenalin was 


_ painted directly upon the muscle of its ventral surface. The muscle 
_ gave no manifest response. Plainly therefore the hypogastrics are not 


motor to all the bladder as in the ferret. Inhibition might be the true 
response, and yet have not been capable of demonstration under the 
conditions of this experiment. But the human bladder is small 
(+ 350 cc.), and it does not exhibit much rhythm’ From these 
characters and also from the subjective difficulty experienced in 
suppressing for long the desire of micturition, it may be inferred that 
the hypogastric nerves in man probably cannot inhibit the bladder to 
any marked extent’. 


VII. GENERAL REVIEW, INCLUDING THE INNERVATION OF THE 
URETERS. 
Recurring now to the type studied first, it appears from this 
comparison that the cat possesses a bladder whose innervation has been 
developed to an exceptionally high degree of perfection. The pelvic 


nerves to it cause contraction of the entire bladder and relaxation of — 


the urethra, movements adapted for the discharge of urine. On the 
other side the hypogastrics facilitate retention of urine by constricting 
the urethra, that is the sphincter of the bladder, and inhibiting the tone 
of the detrusor urinw. From the point of view of function the two 
nerve trunks are completely antagonistic to one another (P + and H F). 
In other animals the peripheral machinery for expulsion of urine is 
generally the same (P +), but that for retention is less highly developed 
and effects merely closure of the sphincter (H+). None the less the 
functional antagonism holds. 

Such teleological adaptation governs throughout the visceral 
territory. The nerve trunk running to any particular viscus is a 
functional unit, bearing in one bundle the nerve fibres, motor and 


1 Cp. Plates I. and II. in Mosso and Pellacani’s paper, Archives Ital. de Biol. 1. 
p. 128, 1882, 

suggested by the nature of the referred visceral pains of the distended bladder. According 
to Head (Brain, xvi. p. 84. 1893), the pain is referred to sacral skin areas alone, 
until ineffectual efforts at micturition are made, introflucing pain in the 11th thoracic to 
of the sphincter. 
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inhibitor, which excite at the appropriate points of the sheet of plain 
muscle contraction and inhibition’ in harmonious co-operation for this 
one function. 

Double innervation of one organ by two separate trunks generally 
indicates double control, each for one of two opposed functions. Thus 
in the diagram (Fig. 10) of the innervation of the pelvic viscera in the 
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Fig. 10. Diagram of the innervation of the pelvic viscera in the cat, illustrating the 
functional antagonism of the lumbar (sympathetic) and sacral visceral nerves (nervi 
erigentes). The sympathetic nerves are represented by the broken line. Contraction 
and inhibition are indicated by + and — respectively. 


cat it is shown that motor and inhibitor fibres appear indifferently in 
both hypogastric and pelvic visceral nerves, but that the reactions -to 
either nerve trunk in any special area of muscle are generally antagon- 
istic, and that each subserves definite and opposed functions. The 
sacral nerves effect the primitive visceral movements that are the first 
need of the animal, to wit voidance of the excreta. The hypogastrics 
represent later refinements, whereby these acts may be deferred to a 


1 A nervous co-ordination at ¢he periphery which is in a manner comparable with 
Sherrington’s central reflexes of simultaneous double sign. The Integrative Action of 
the Nervous System. London. p. 83. 1906. 
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moment better suited to the other activities of the whole animal; in the . 


_ bladder for example closing the sphincter and relaxing the wall to accept 


its burden; in the colon doing the like’ and further constricting the 
blood vessels lest general harm result by absorption of poisonous bodies 
from the contained residua of digestion. Only in the act of impregna- 
tion are the two nervous systems found to be synergist: and then the two 
unite in harmony, the sacrals by inhibition of the blood vessels and of 
the retractor penis preparing-the required erectile structures, while the 
motor fibres of the hypogastrics expel the contents of the vasa deferentia 
and of the glandulew vesicales and constrict the bladder sphincter lest 
the secretions be driven up the wrong path. __ : 

So the simple and obvious rule that connects the visceral movements 
and gives order to their apparent complexity is this of teleological 
adaptation,—the functional development of nervous ties between the 
C.N.S. and a muscular tissue depends on the daily need. - 

The ureters. Consideration of this view suggests that the innervation 
of the ureters cannot very well be of a powerful motor character, for full 
constriction of them is never required. Yet the most recent writers have 
described such an effect by the sympathetic nerves. Protopopow? 


indeed, disregarding the hypogastrics, did little more than suggest that 


the splanchnics augment peristalsis of the ureters in the dog. Fagge’, 
also using dogs, described a motor effect of the hypogastrics on the 
ureters but obtained no result with the splanchnics: his tracings show 
that the first was at the best no more than an improvement of the 


peristaltic rhythm. And Stern‘ observed a similar accelerating effect 


of the hypogastrics in curarised dogs, while by the splanchnics slight 
inhibition was produced, and especially so after small doses of atropine. 
But Brodie and Dixon! state that “adrenalin excites a powerful con- 
traction of the ureter,” implying further a parallel response to stimulation 
of the sympathetic nerves. 


1 In an earlier paper (This Journal, xxx1. p. 157. 1904) I have described a good 
example of this functional adaptation, in which the sympathetic nerves, though inhibiting 
the muscle of the bowels in general, constrict a special ring at the ileo-colic sphincter. 
The distribution of the sacral nerves to the colon in different mammals was also shown 
to be limited to the final segment, which alone is to be emptied in defecation. (Ibid. 
p. 272.) 

2 Phliiger’s Archiv, uxvi. p; 1. 1897. This Journal, p. 306. 1902. 

4 These de Genave, 1903. Quoted from Metzner’s article in Nagel’s Handbuch der 
Physiol. des Menschen. Berlin. 1906. Vol. 1. p. 297. 

5 This Journal, xxx. p. 492. 1904, The authors have kindly informed me that the 
statement was not based on their own observations. It was apparently accepted by 
Henderson without experimental test (This Journal, xxxm. p. 176. 1905-6). 
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The statement winds cannot be applied to the ferret. In this 
animal the ureters exhibit an exceedingly powerful, regular, and enduring 
peristalsis which is not affected in any degree by adrenalin ; nor could I 
detect any proof of its control by the sympathetic nerves. 

The ureter of the cat is too small for instrumental record of its 
‘movements, and the fat overlying the tube hinders direct observation. — 
Stimulation of the hypogastric nerves was seen to produce time after 
time a very manifest contraction of the base of the bladder: yet with it 
was no perceptible effect on the ureters at any point. They certainly 
did not shorten, and their rhythm of peristalsis was unchanged. 
Adrenalin was equally void of effect. However the difficulty of seeing 
the undoubted constriction of the urethra by adrenalin lessens the worth 
of these observations. 

With the larger ureter of the dog and its very obelvos peristalsis 
this objection disappears, and more faith may be given to what the eye 
sees. Every care was taken to avoid needless exposure of the ureter 
during observation and, except when it was desired to apply adrenalin, 
its fatty sheath was not opened lest nerves and blood vessels should 
be damaged thereby. 


Exp. Large female collie dog, anwsthetised with A.C.E. Abdomen opened by crucial 
incision ; hypogastrics cut and tied separately. Viscera covered with flannels. 

10.40. Left ureter exposed as far as its swollen entry upon the bladder, but fatty 
sheath left intact. Peristalsis infrequent at the rate of five or six waves a minute, though 
each wave was typically complete. As the drop of urine came down, the ureter shortened 
and was lifted up to meet it. Immediately below the drop the tube relaxed completely, — 
and through this dilated part the drop was shot, to be followed by instant and blanched 
constriction of all, 

Stim. left hypogastric. Fair contraction at base of bladder, which was rapidly 
followed by constriction of the mouth of the ureter, the movement being passed quickly 
up the tube and leaving ita little relaxed in the rear. This reversed peristalsis was not 
heralded by the relaxation in advance seen with the forward movement. It ocourred after 
a delay and, as it seemed, in sequence to the bladder contraction. 

When the stimulus was repeated 10 or 15 seconds later, the bladder contracted once 
was A delay of at least a minute was needed for it to 
recover irritability. 

the ureter, it had no effect ; but it could produce the reversed movement a few seconds 
after the passage of such a wave. 

11.10. Adrenalin, 1 : 2,000, painted on ureter close to bladder. Certainly no contraction 
resulted, but the tube became rather relaxed. Over this flaccid area the wave of forward 
peristalsis was blotted out, And now stimulation of the hypogastric initiated the usual 

contraction of the bladder, but the backward wave in its turn was lost over the area of 
Telaxation, 

11.80. Ureter exposed close to left kidney, and the major splanchnic nerve cut. 
Stimulation of this did not olearly interject fresh waves upon the peristaltic rhythm 
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already present. Local application of adrenalin relaxed the tube, abolishing both the 
peristalsis and the possibility of its production by the splanchnics, 

12.0. Similar observations were made on the right ureter, that had not as yet been 
exposed. By squeezing, the bladder was irritated to contraction ; and then also the base 
of the ureter picked up the movement and transmitted a backward wave. On this side 
repeated stimulation of the hypogastric did certainly accelerate the existing rhythm of 


peristalsis. 

Though the base of the bladder between the ureters and the collar around its front 
forming the sphincter could be clearly seen to contract when the hypogastrics were 
stimulated, the urethra below, which for the purpose of observation was distended with 
water by gently squeezing the bladder, contracted very feebly indeed. 


From the experiment quoted and others it was abundantly clear that 
adrenalin in dilution had but little effect on the dog’s ureter, and in 
concentration reduced it to flaccid paralysis. In cases where the ureter 
was already inert, the local application of adrenalin did not cause it to 
become flaccid, but paralysed considerably its normal power of reacting — 
to a mechanical tap by quick local constriction. 

The control by the sympathetic nerves was not determined. But 
while the simple method of observation was inadequate to detect subtle 
changes of rhythm, it could at least certify the absence of a powerful 
motor control. That was enough for the main point. Anatomically, as 
described for example in the dissection of Langley and Anderson’, the 
ureters are united with branches of the sympathetic nerves: but pbysio- 
logically the connection remains little more than a potentiality, for the — 
mechanism of the urinary tract does not require that by it the ureters 
should at any time be firmly closed. 

Physiologists freely recognise this principle of functional adaptation. 
But it must have material in which to find expression. Attempts have 
consequently been made to analyse it further by assigning the muscles 
which receive particular classes of nerves to sheets of separate morpho- 
logical origin. None of these are, however, free from objection. Von 
Basch’s law need not at present be discussed. But a fresh argument has 
recently been applied to the bladder, with the intention of proving that 
the distinction between the hypogastric and pelvic innervation is purely 
one of morphology. Starting from Langley and Anderson’s general- 
isation, that the innervation of the internal generative organs is restricted 
to sympathetic nerves in contrast with the double supply to the cloacal 
derivatives, Fagge* used this to interpret Kalischer’s anatomical — 
distinction between the sphincter trigonalis and the rest of the bladder. 


1 This Journal, xx. p. 877. 1896. 
2 This Journal, xxvit. p. 304. 1902. 
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Kalischer’ had inferred a dual ontogeny of bladder and trigone simply 
from the contrast in histological details between the two tissues. These, 
however, are no more than the imprint of differing function. The 
muscular fibres of the sphincter are closely compacted and the overlying 
mucous membrane is fitted to them with but little submucosa, because 


they never suffer so great linear elongation as must the muscle of the 


fundus. Fagge adapted the distinction to the results of his experiments 
on the dog, declaring that the structures derived from the Wolffian 
ducts (ureters and urethra) are innervated solely by the sympathetic 
while the reservoir developed from the urachus, or allantois*—a bubble 


Fig. 11. Diagram of the innervation of various types of bladder and urethra. Level of — 


entrance of ureters is shown, and the position of the genital ducts is indicated by the 
shaded mass of the prostate overlying the urethra. The distribution of the sacral 
nerves is given by the signs outside of the muscle, that of the hypogastrics by the 
broken signs inside the muscle wall. 


1 “ Die Blase ist als ein spiter eingefiigtes Organ zu betrachten, welches als Reservoir 
in den urspriinglich aus Ureter, Trigonum, Urethra bestehenden harnableitenden Weg 
eingeschaltet worden ist ; und ihrer Muskulatur kommt, zumal sie eine andere Entwicklung 
hat, vollstindige Selbstindigkeit gegeniiber der Muskulatur des eigentlichen harnablei- 
tenden Weges zu. Es ist dieser Punkt wichtig fiir das Verstindnis der physiologischen 
_ Vorgiinge.,..Halten wir dagegen beide Muskelmassen somit fiir eine einheit, so hilt es 


schwer, den Antagonismus, der zwischen beiden besteht, zu verstehen, und man kommt — 


in die Verlegenheit, bei derselben Muskulatur zu gleicher Zeit verschieden wirkende 
Nerveneinfliisse annehem zu miissen.” Kalischer, Die Urogenital Muskulatur des 
Dammes. Berlin. p. 155. 1900. 

* The embryological history of the bladder and of the cloacal tissue is much disputed. 
Btill, almost every writer emphasises the developmental continuity of bladder and urethra. 
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so to speak, blown on to the urethra—is innervated only by the pelvics'. 
The existence of inhibitor nerves he denied for both tissues. 
This view may be at once dismissed. The hypogastric nerves do 


_ supply inhibitor nerves to the fundus of the bladder in the cat: and in 


the ferret their motor fibres embrace the whole bladder. Comparison 
of the various bladders in the diagram of Fig. 11 will realise how incon- 
stant a fraction of the bladder is the so-called trigone below the ureters, 
and how widely beyond this limit may spread the influence of the hypo- 
gastric nerves. 

question. In these animals the bladder is a ventral outpouching from 
the rectum (cloaca; Gadow’s urodeum ?), while the ureters open quite 
separately into the dorsal surface of the rectum. The bladder would | 
therefore appear to be of a purely cloacal type, free from all connection 
with muscle of the Wolffian ducts. Yet the sympathetic nerves have 
been proved? to cause a weak contraction of it even up to the apices. 

Still, though the theories hitherto advanced have been proved | 
unsound, their aim is not visionary. It must be possible to analyse the _ 
double innervation of the viscera and at last to point out the original 
nature of the tissues within which functional adaptation has wrought the — 


complex harmony. 


A first requisite is to ascertain the morphological value of the 
inhibitor nerves. Gaskell? was inclined to embrace these in general 
Keibel (Archiv f. Anat. u. Physiol. 1896, Anat. p. 55) derives bladder, urethra, and 
sinus urogenitalis alike from the cloaca. 

1 Thus precisely inverting the old view, of Longet for example 1842, that the 


sympathetic nerves supply the bladder above and the sacral (‘‘spinal”) its neck below—an 


inference from topographical relationship and resting on no experiments. 

* Horton Smith (This Journal, xx1. p. 101. 1897) and Dale (ibid. xxvn. p. 355. 
1901) observed contraction of the bladder on stimulating the 7th and the 9th and 10th 
spinal roots in the frog and toad. No effect was obtained with the 8th. Apparently the 
7th corresponds to the lower limit of the sympathetic outflow of mammals, and the 8th 
spinal to the gap of the hind limb nerves from which visceral fibres are absent. Dixon 
noted the corresponding contraction induced by adrenalin (This Journal, xxx. p. 493. 
1904). It is feeble, like that by the 7th nerves and quite- dissimilar from the quick 
and powerful movement induced by the 9th and 10th. I am indebted to Mr Dale for the 
demonstration of these experiments. 

Information is much needed of the distribution of nerves to the single cloaca of such 
animals as the crocodile, with its three successive chambers of coprode#um, urodwum, and 
proctodjum (Gadow, Phil. Trans. 1888. cuxxvu1.). In mammals it is as though the 
coprods#um had acquired a separate opening at the anus, short circuiting the path through 
urodeum and proctodeum and leaving these to be differentiated into bladder and sinus 
urogenitalis. 

* This Journal, vu. pp. 84 and 40. 1886. 
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within a “separate and complete nervous system” of their own. That 


opinion seems no longer tenable in view of the arguments based on the 
similarity of the nervous conducting paths' and also on the common 
action of adrenalin at the periphery. Motor and inhibitor nerves both 
occur within the class of the sympathetic nerves. They are exhibited i in 
the organ innervated in two categories : 

(i) Both + and — fibres belong to the sympathetic class, controlling 
the muscle to the exclusion of all other nerves, Such occur in the 
uterus?; and it may perhaps be argued from the action of ergotoxine 
that they exist also in the wall of the blood vessels. ; 

(ii) One set of nerves, either + alone or — alone, comes from the 
sympathetic and the other of opposed sign from the sacral or cranial. 

A notable instance of (ii) is given by the detrusor urine of the cat's 
bladder. Fundamentally this receives motor fibres from the sacral roots. 
But the same muscle is inhibited by sympathetic fibres.. The evidence 
justifies the belief that this second control of the muscle has been 
recently developed. On the isolated neurone theory these inhibitors 
might be ascribed to a special outgrowth of new nerves from the C.N:S. 
to the muscle; and with this theory, in its baldest expression, there 


might be little difficulty in transferring the goal of sympathetic fibres — 


from the urethral trigone to the detrusor urinz, with change of sign of 
the muscular response. Gaskell has criticised the irrationality of this 
theory, and given in lieu of it an account of muscle and nerve developing 
ever in unbroken continuity as one great syncytial network’. His 
teaching therefore regards innervation as a sure guide-post up the path 
of morphogenesis. 

Accepting it, but adding the possibility of side branches arising from 
any nerve fibre, as suggested by experiments described on pp. 421 et seq. 


of this paper, one may conceive the development of inhibitor control of 3 


the detrusor by branches springing from the postganglionic motor fibres 
to the trigonal muscle‘. The conjecture stands unproved. If made good, 


1 Cf. Verworn, following Langley, Archiv f. Anat. u. Physiol. 1900. Physiol. 
Supplem. p. 105. 

? Dale, This Journal, xxxrv. p. 187. 1906: and Cushny, ibid. xxxv. p. 1. 1906-7. 

Journal Anat, and Physiol.-xxxrx. p. 878. 1905. 

* T have given elsewhere (This Journal, xxxut. p. 486. 1905) the argument from the 
action of adrenalin, suggesting that it is the condition of the muscle which has determined, 
somehow or other, whether its response to the nervous impulse shall be + or —-. 

The anatomical form of this scheme would then suit the theories of Von Uexkull 
and especially of MacDougall upon the reciprocal relation of contraction and inhibition, 
as being caused by drainage of “neurin” to. and from the irritable tissues. But these 
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the principle concerned could be applied to the analysis of many other 
inhibitor actions of sympathetic nerves. Generally in these, inhibition 
is associated with a weak contraction. Such is the case in the mammalian 
intestine. It may be that here the contraction is of a primitive muscle 
sheet in connection with sympathetic nerves, whose original trunk has 
been almost wholly replaced by its inhibiting side branches to muscle of 
a different category, just as conducting tracte in the C.N.S. swell and 
dwindle as the tide of nervous impulses sets this way and that. In the 
amphibian and bird the control of the small intestine by the sympathetic 
is predominantly motor. But the relationship of the mammalian to these 
earlier types might be explained by (i) almost as well as by (ii), since 
nothing is known as yet of the possible inversion of muscular response 
to any given nerve without actual replacement of one tissue by another. 

Until such information shall have been accurately obtained, it is 
therefore impossible to use innervation as means for demonstrating .at 
once the ontogenetic source of the muscle of an organ. The inhibitor 
innervation may be primary or secondary. It seems, however, to be a 
reasonable assumption that in general the nerve which evokes a motor 
response is the aboriginal nerve of a muscle system. The habits of the 
aboriginal nay be changed, as in class (i): it may live side by side with, 
or be utterly replaced by an intruder. Hence the ordered complexity of 
visceral innervation in the mammal. 

A caveat must here be entered against a corollary that is liable to be 
based upon the morphological argument used above. It is to assume an 
inverse rule, namely that muscular structures which are known to be 
of common embryological parentage must be similarly innervated. But 
the common source cannot be used to indicate more than a connection 
with certain nerves. The development of these ties, whether it — 
shall be “trophic” or be made the instrument of motor or 
inhibitor nervous impulses, is governed by the requirements 
of the individual organ and must be studied in each particular — 
case, 

As for the bladder the position may be summarised dogmatically. 
The fundamental muscle is a detrusor belonging to the sacral nerves, 
which are motor to it in all vertebrates: this muscle may 
receive secondarily inhibitor nerves from the sympathetic. Spreading 
up from the urethra, in all cases as far as the insertion of the ureters 


theories do not explain peripheral inhibition. Adrenalin will inhibit the bladder when all 


its nerves are gone. Cp. Sherrington, The =a Action of the ee 
London. p. 203. 1906. 
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and apparently in some species over the whole surface of the bladder, is 
a superficial sheet of muscle belonging to the sympathetic nerves which 
cause its contraction. Perhaps from this latter muscle-nerve system 
have originated the occasional inhibitors to the detrusor. But it cannot 
be argued that this muscle must have been derived from the Wolffian 
ducts, for a similar motor reaction is exhibited by the cloacal type of 
bladder in the toad. 


PART IL 


RESULTS OF DEGENERATIVE SECTION OF THE VARIOUS 
NERVES TO THE BLADDER. 


In this second half of the paper are deseribed some of the changes 
induced in the cat’s bladder by degenerative section of each of the 
nerves to it, Three aspects of the question have to be borne in mind. 
First, to what extent the “tone” of this doubly innervated sheet of 
muscle is a resultant drawn between the two opposed nervous actions, 
so that after removal of one set the antagonist imprints its power on the 
muscle, Secondly, whether removal of one part of the nervous machinery 
can be compensated for by the remainder taking up the burden. of 
‘foreign activity. Thirdly, whether there is any essential difference in 
the vital activities of the muscle when decentralised (by section of all 
its pregdnglionic nerves) and when deganglionated (by removal of the 
ganglia and degeneration of the postganglionic nerves). 

_ All the experiments were made on the cat. The normal innervation 
of the bladder in this animal may be summarised again for convenience 
here. From the 3rd and 4th lumbar spinal roots issue most of the 
nerves which pass by the inferior splanchnics to the inferior mesenteric 
ganglia. These sympathetic nerves effect inhibition of the entire 
bladder, constriction of the urethra, and contraction of a thin superficial 
sheet of muscle adjacent to the ureters. The ganglion cells of both sets 
of fibres are placed almost all in the inferior mesenteric ganglia: from 
these pass the right and left hypogastric nerves to mingle in the vesical 
plexus on the wall of the bladder. There are very few sensory afferent 
nerves in these trunks’, Mainly by the 2nd and 8rd sacral spinal roots 
arise the nerves which constitute on each side the trunk of the pelvic 


Anderson. This Journal, xvu. p. 186, 1894. 
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visceral nerve (nervus erigens). These effect contraction of all the 
bladder and relaxation of the urethra. The ganglion cells lie in the 
vesical plexus close to the muscles concerned, so that the postganglionic 
fibres can be found only upon the walls of the bladder. The main path 
of sensory impulses from the bladder is by these trunks’. 


I. Tue INFERIOR SPLANCHNICS. 


These preganglionic nerves from the spinal cord were cut in two 
experiments. Thereby the neurons constituting the hypogastrics were 
isolated from the C.N.8., but otherwise unhurt. 

(i) In the first cat, eight days after section of the nerves the tone of 


the bladder under ether was high, v. 15, p. 15. This fell only to v. 30, 


p. 15, when the pelvics were cut: and a deep rhythm, that had been 


present, disappeared at the same time. Stimulation of the hypogastrics 


caused fair contraction and inhibition. Adrenalin did not enlarge the 
volume to more than 35 cc. The pelvics, if excited by moderately 
strong currents, produced a normal contraction; but when a somewhat 
weaker stimulus, approaching the minimal value for maximal con- 
traction in a normal bladder, was used, the contraction fell short of 
maximum and under either isotonic or isometric conditions proceeded 
with difficulty by jerking steps instead of by a smooth ascent. 

(ii) In the second case, 14 days after the operation the bladder also 
exhibited fair rhythm with high tone, v. 40, p. 18, though it did not 
relax further when the pelvics were cut. Adrenalin or excitation of the 
hypogastrics alike caused fair relaxation to a maximum volume of 55 c.c. 
Stimulation of the pelvics had the same effect as that described in (i), 


normal for strong stimuli but by halting steps with the weaker. 


A peculiar reaction to ether was also observed. The muscle and 
nerve system of the normal bladder is not affected very evidently by this 
anzsthetic. Here the animal's brain had been destroyed in order to 
make the experimental examination, and no ether was given; the 
volume of the bladder, both pelvic nerves having just been cut, was then 
40 cc. under p. 18. But each time that ether was administered, by 25 
breaths of ether freely mixed with air and taken in one minute, the 
volume narrowed steadily to 25 or 20 c.c., returning to the old value 
with relaxation of the muscle in the next two minutes when the ether 


1 According to Langley and Anderson they carry more than 1000 afferent fibres 


' each from all the pelvic visceral area. This Journal, x1x. p. 877, 1896. 
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was discontinued, From this it is evident that the anesthetic in itself 
is partly responsible for the differences of tension recorded after different 
lesions of the bladder nerves. The muscle under these abnormal 
conditions is irritated by ether, whether directly or indirectly through 
stimulation of its peripheral nerves, and passes into a state of higher 
tension. Henceforward all the measurements given, unless stated 
otherwise, are from experiments made so far as possible under uniformly 
comparable conditions of ether anzsthesia. 

Preganglionic section of the inhibitor nerves, then, induced a per- 
manent rise of the “tone” of the bladder muscle, in which state it lost 
its supple readiness of response to nervous control either in the direction 
of contraction or relaxation. It will be seen that the change is of the 
same character as that following section of the oo themselves, 
but less profound. 


II, THE HYPOGASTRIC NERVES. 


These were both cut by a lateral lumbar incision without opening 
the peritoneum or exposing the bladder. The section removed most of 
the postganglionic inhibitor nerves of the bladder and of those con- 
stricting the urethra. | | 

The cats manifested no inability to retain urine. Micturition may have 
been rather more frequent, but the point. was not closely observed. At 
intervals varying from three days to seven months after the first operation 
the cats were anesthetised, and the reaction of their bladders determined. 
These experiments were made at various times, and not all for the 
immediate purpose of this paper: consequently the condition of the 
bladder was not determined with the same detail in each. 

In five out of six cases the bladder was found to be in high tone and 
almost undisturbed by rhythmic contractions. For example on the sixth 
day, when the cut nerves must have degenerated almost completely, the 
tone of the arhythmic bladder was very high, v. 15, p. 15; and even 
after both pelvics had been cut, only 25 cc. under p. 23. A normal 
bladder would then have relaxed perhaps to 80c.c. Neither by extreme 
pressure nor by the inhibiting influence of adrenalin could the muscle 
fibres be extended to admit a greater volume than 30c.c, And just as 
they would not admit of elongation, so too their shortening in a rapid 
isotonic contraction induced by the pelvic nerves was lost, though these 
nerves evoked an almost normal rise of — From contraction of 
either form the. relaxation was. slow. 
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Even in the tapes of seven months, whi partial regeneration of the 
hypogastrics was ascertained, the capacity had not increased beyond 50 c.c. 
under p. 20 with cut pelvics. But with this longer interval after the 
operation the muscle responded to stimulation of the pelvics quickly and 
well. A single exception was one of 63 days’ degeneration, in which 


the bladder muscle behaved in a quite normal way. Unfortunately in 


this it was found that the catgut of the deep stitches had been infected 
with some organism, and by an oversight the hypogastrics were not 
tested for regeneration. 

As the muscle early after section of both hypogastrics had been 


found to be disabled for good contraction by the pelvic nerves, a single 


hypogastric was severed in one experiment and later each pelvic nerve 
proved, That on the side of the lesion was a little less efficient, but no 
very clear difference was observed between them. The bladder was of 
normal capacity, v. 75, p. 12; and the surviving hypogastric produced in 
it the usual response. , 

A survey of the six experiments is given in the subjoined table. 

Summing these results the main change produced, as seen in the 
etherised muscle, was as follows. Deprived of its inhibitor nerves the 
muscle of the bladder slowly contracted to a high level of tone. At this 


__ it rested with but little rhythmic movement. Preganglionic section of 
the pelvics brought it down but little, if at all. Their stimulation 


caused less forcible contraction than usual, and the relaxation to the 
original level was slow. The muscle was accessible to the inhibitor 
influence of adrenalin (cp. Fig. 12), as well as to the motor impulses by 
the pelvics. But its fibres were less elastic: changes of length were 
much less easily evoked than changes in tension. Later, with 
regeneration of the hypogastrics, it obeyed the motor nerves with 
greater flexibility and — and 80 too yielded more fully to 
adrenalin, 

It should be noted that these changes were not edlnsod merely by 
cessation of inhibitor impulses from the C.N.S., for, though of the same 


at first sight dependent on a stimulation of the true ‘nerve endings” of the hypogastrics ; 
vanishing accordingly with their degeneration. The question has been discussed in 
another paper, where it was also shown that denervated muscle reacts to adrenalin, as it 
does in general to any excitant chemical stimulus, with increased sensitiveness of con- 
traction (This Journal, xxxm. p. 441, 1905). The converse lowering of sensitiveness in 
this instance of inhibition probably is not to be referred to an exceptionally depressed 
sensitiveness of the myoneural junction, but to alterations in the reacting muscle fibre 
which were otherwise evidenced by the tardiness of its response to the pelvic motor nerves. 
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_ character, they were much less marked when the path was broken in its 

: preganglionic course. And perhaps the contrast in respect of rhythm— 

_ its presence with the inferior splanchnics cut and its absence after 
section of the hypogastrics—may be simply ascribed to the greater 
rigidity of the muscle under the latter condition. 


Fig. 12. Cat’s bladder. Volurtie changes under constant pressure of 20 om. “Hy pogastric 
nerves had been cut ten days ago. Tone of bladder high, vol. about 25 .c., p. 20 om. 
Inject O-4:mgm. ‘adrenalin into ext. jug. vein': binder relaxes slowly anil to the 
extent of only 7 c.c. 
This trasing is taken from snother experiment than those summarised in the 


Whether the nervous lesion were pre- or postganglionic, the inhibitor 
myoneural junctions still persisted so that the muscle was still accessible 


to the influence of the secretion of the suprarenal glands. That, how- 
ever, was insufficient. It therefore seems probable. that the slight 


“tonic” inhibition, which is needed to preserve the normal 


suppleness of the cat’s bladder, can be maintained only 
when that muscle is in connection with ane proper 
peripheral ganglion cells. 


27—2 
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- With ‘narrowed volume and shallow rhythm the cat’s bladder, aftér 
removal of the inhibitor nerves, resembles those of the other arpa | 
from which nerves are congenitally 


IIL. ONE PELVIC VISCERAL NERVE. 


Tn ae experiments the right nerve was cut above the rectum 
close to its origin from the sciatic plexus, and a length of about 1 cm. 
removed as far as the branching at the first rectal ganglion. Thereby 
the motor preganglionic to, and most of the sensory nerves from, one 
side of the bladder are caused to degenerate: but the other bladder 
nerves and the ganglia of the vesical plexus are not injured, as the 
operation does not expose or in any way interfere with them. If the 
skin incision be made well above the anus at the root of the tail and 
closed with separate silk sutures, it will heal without dressings or delay. 
At intervals varying from 4 to 60 days after the operation the bladder 
was examined, 
Tn the earlier pages of this paper it was stated that the tone of the 
cat’s bladder is generally found in an experiment to depend on its 
connection with the sacral centres in the spinal cord. Consequently 
section of one pelvic nerve relaxes the bladder on the same side, and that 
often to extreme flaccidity. Apparently such atonic paralysis soon 
disappears, for after these operations the bladder was at all times found 
to be in fairly high tone, and not asymmetrically relaxed on the right 
side. 


On the fifth day, for example, the vol. was 40 c.c., p. 15. Section of 
the left pelvic nerve did not increase the volume. The muscle of this 
left, or normal side was therefore in a state of exaggerated tone. When 
caused to contract by stimulation of the pelvic nerve, it relaxed more 
slowly than usual. Even brief exposure to air excited its contraction 
rather more readily than in the normal bladder: and the reaction could 
be produced after section of the left pelvic nerve. An equal contraction — 
was developed on the right side by exposure. At this time, then, the 
general tone of the muscle was slightly increased on the decentralised as 
well as on the uninjured side. But the increase was not great, for the 
muscle was perfectly supple and reacted with extreme ease to adrenalin 
while it provided a perfect illustration of inhibition by the hypogastric 
nerves. 
Thus four days after the operation the two hypogastrics, stimulated 
with a weak interrupted current that was easily bearable by the tongue, 
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caused on v. 40, p. 15, a contraction of 8 c,c. and then relaxation of 45c.c._ 

A difference in condition between the two sides of the bladder was illustrat- 

ed by the different extent to which either was relaxed by stimulation of 

these nerves. In the instance named first of five days’ degeneration, the 
right hypogastric, that is of the side on which the pelvic nerve had been — 
cut, caused a contraction of 3 c.c. and relaxation of 27 c.c., whereas the 
left relaxed the bladder to the extent of only 10 c.c. 

This peculiar aptitude for inhibition after decentralisation of the 

1 motor nerve’ proved of value for the analysis of inhibition by the 

hypogastrics, for it was not lessened by the action of nicotine on the — 

| muscle, Thus in the experiment from which Figs. 13 and 14 are taken, 

_ 8 days after section of one pelvic, the hypogastrics on v. 15, p. 15, 
induced contraction of 3 c.c. and relaxation of 30.c.c.: after the injection — 
of 20 mgm. nicotine* the same stimulus gave +3cc. and —27 cc, 
respectively. By this test and by the results of degenerative section of 

ee the inferior splanchnics, it is proved indubitably that the cell relays of 
4 i the inhibitor nerves lie chiefly in the inferior mesenteric ganglia. . 
_. In this last case the tone of the muscle was higher, and its inhibition 
by the hypogastrics less extensive than in the first week. Such further 
increase of tone during the second week was always observed, and 
associated with it was yet slower relaxation from the contraction 
following excitation of the left pelvic nerve. Now too another change 
was becoming prominent. 

_ Ordinarily stimulation of one pelvic nerve results in a contraction 

that is almost confined to the same side of the bladder’, and transgresses 

the line of the median blood vessel by only a few millimetres. This was 
the case too in the operated animals up to the 9th day: the left pelvic 

; produced a purely ipsilateral contraction, which showed no abnormality 

_ except in that the relaxation from it was a little slow. But on the 12th 


1 This method of emphasising the action of an inhibitor nerve on a doubly innervated 
sheet of muscle is important. It is only through it that a good demonstration of inhibition 
by the hypogastrics can be undertaken with assurance. Perhaps it is of wider application: 
for example the action of the splanchnics on the stomach, which has eluded the observation 
of some workers, might so be shown with ease. 

2 The action of nicotine on the decentralised bladder often departs a little from normal. 
Properly the excitation induced by the stimulation of the ganglion cells with this poison is 
brief, and the bladder relaxes fully. Decentralisation seems to give excitation superior — 
influence over paralysis. The contraction may in such case often be excited again by a 
second or even a third injection of nicotine ; ant fre form: of fhe anrve, instend of being 

simply up and down, is that followed by a rapid recovery to fairly high tone. 
ibid. xxx. p. 80. 1896, : 
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Fig. 13. Cat. Right pelvic visceral nerve cut 18 days previously. Isotonic record of 
bladder vol. under p. 15cm, Bladder not exposed: left pelvic untouched, but 
hypogastrics cut across. Tone of bladder high and no rhythm. Stim. hyp., _— 
result +8 and —30¢.c. on v. 165 c.c. 

Fig. 14, Same experiment as preceding figure. and 

_ four minutes later the hypogastrics stimulated. Result +3 and — 27 c.c. 

In the same experiment it was also proved that the local application of nicotine to 

_ the inferior mesenteric ganglia paralysed both the motor and inhibitor nerves alike. 

Fig. 16. Cat, Bladder volume under constant pressure. Both pelvics cut 46 days pre- 
viously. Ether. Hypogastrics cut laterally; spinal cord destroyed from fifth lumbar 
segment to coccyx; and bladder not exposed. Largest Brodie volume recorder, 
giving instrumental records identically comparable with those of Figs. 13 and 14. 

Stim. hypogastrics, coil 12°5 cm., i.c. weak; rapid contraction of 30 c.c. on v. 110, 
p- 8, sustained until stimulus ceased. A few minutes later mere pulling on these 
nerves caused a prompt contraction of 70c.c. 

Fig. 17. From same experiment as Fig. 16. Nicotine, 30 mgm. in all, had been injected. 

Fifteen minutes after the last injection, of 10 mgm., the hypogastrics were stimulated, 

coil 8 em. On v. 80, p. 9 bladder contracted 11¢.c., and then with a pause relaxed 

22¢.c. below original level. 
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or 13th day the opposite side also joined in the contraction, though 
weakly and with a little delay. — 

After five weeks the contralateral effect was well established, and did 
not differ in.either time of onset or strength from the ipsilateral move- _ 
ment. The whole bladder contracted instantly. But the relaxation was _ 
slow. Really the tone was now lower than in the second week; but the _ 
increasing contracture and the exalted irritability in respect of exposure 
to air generally made the bladder appear to be in high tone, ¢.g. v. 20, 
p. 15, that was not lessened by section of the left pelvic. The muscle 
was not hypertrophied on either side. Each hypogastric affected the 
muscle with equal power; and indeed the earlier difference between 
them was only demonstrable in cases where the action of the left pelvic 
was confined to its own side. 

- From the interval, 12 days or more, needed for the appearance of — 
the contralateral response, it seems probable that it is —es 
the growth of some new conducting path. This might be by: 

(i) Conduction through the unstriated muscle. | 

(ii) Budding of postganglionic nerve fibres tothe muscle. —— 
(iii) Budding of preganglionic nerve fibres to the 
ganglion cells. 

(iv) Facilitation of a pre-existent but divancd nervous path. Or the 
phenomenon might be explained by: __ 

_ (¥v) Exaggerated irritability of the decentralised ganglion cells, 
which would lead to their exploding a contraction on their own aide in 
response to the detonation of the other. 

The contraction was observed under conditions of volume change 
without appreciable rise of intravesical pressure, so that mechanical rise 
of tension at least could not be the detonator. Stimulation of the great 
postganglionic nerve trunks on either side of the bladder caused a 
powerful contraction that was strictly limited to the normal area of — 
distribution of the trunk. And direct faradisation of the muscle at — 
any point resulted in a localised contraction that extended over a 
smaller area than in the normal bladder. The decentralised system was 
therefore not more, but less irritable toward mechanical and electrical 

stimuli (though more so to cold); and (v) could hardly be accepted to 
explain the phenomenon. 

Further, (i) was also to be set aside for these same reasons and also 
because, as shown later, the contralateral response was not developed 
even in the lapse of 22 days when the = cells of the decentralised 
side had been torn out. ; 
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_ Division of the muscular coat of the bladder in the middle line from 

apex to the plane of the ureters both in front and behind'did not annul 
the contralateral effect of stimulating the left pelvic.. But the response 
vanished after injection of nicotine into the blood vessels. Then, the 
ganglion cells being blocked by the poison, stimulation of the post- 
ganglionic nerves on either side of the bladder caused as before 
contraction only in the proper area of distribution of each nerve. 
_ From these observations it is clear that the path of conduction lies 
in the base of the bladder; that it is preganglionic, and consists in the 
functional development of ties between the left pelvic nerve and the 
right ganglion cells The choice is therefore restricted to that between 
the explanations (iii) and (iv). 

The assumption most obvious to make is (iii), that icc had 
budded from the sound fibres of the left side to the decentralised cells 
on the right, the buds being perhaps encouraged by a chemiotactic 
influence of the widowed cells... But such a budding, though probably 
analogous to the method of development of collateral fibres in the 
C.N.S.', would require for its acceptance a departure from the belief 
that the generation of peripheral nerves in adult life can only be from 
_ the ends of injured nerves, and not by a branch from sound fibres. 

The alternative explanation (iv) supposes that in both pelvic nerves 
are potentially present preganglionic fibres which may affect the gang- 
lion cells of both sides, but that the contralateral system tends to great 
physiological resistance. Such a theory would be justified by the fact 
that the bladder developes from,a tube in the mid-ventral line of the 
body, and not by the fusion of lateral tubes, as in the formation of the 
cat’s uterus where the innervation by the vaso-constrictors remains 80 
sharply limited to each original half. 

But the cause of the assumed differential atrophy i is hard to conceive. 
In kittens seven days old I found the ipsilateral effect of each pelvic to 
be as restricted asin the adult. Moreover the strongest stimulation of the 
nerve does not break through the supposed paths of greater resistance 
and affect the opposite side a whit more widely than do moderate 
stimuli. There is proof too that the paths down which the impulses 
travel to the Sena ‘muscle are not provided by independent and 


Alike growth too—unlees spliting and migration of te ganglion calls be assumed — 
must have occurred in the phylogeny of the abdominal sympathetic chain. Langley 
(Brain, xxv1. p. 17. 1903) remarks that the preganglionic fibres of fishes are almost restricted 
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separate fibres, but almost certainly by branches from the normal fibres 
in the left stem. This is proved by the axon reflexes that may be 
demonstrated when the contralateral effect has been established. = 
are of the following nature. 

The. right pelvic’ nerve has suffered degenerative section. If the 
postganglionic nerve bundle on the left or normal side be now picked up 
from the wall of the bladder, cut close to the muscle, and then dissected 
off a little way backward to the ganglia, its excitation causes the 
decentralised right side to contract with power that increases as the 
electrodes are moved further up the left nerve past the main ganglia, 
though it is never so great as that seen when the left pelvic trunk 
itself is excited. This result is still obtained, if the left pelvic trunk be 
cut across close to its origin from the sacral nerves; and it is therefore 
independent of reflexes from the C.N.S. And now peripheral stimu- 
lation of the main left trunk causes the right side to contract by impulses 
travelling down the new path, whereas it does not affect the left side to 
which the normal path has been interrupted beyond the ganglia. 

In another bladder an attempt was made to excite the converse 
reflex, namely contraction of the left side by stimulation of the nerves 
lying on the right wall: but this failed. . 

This preganglionic axon reflex proves that the contralateral effect 
depends on side branches to the right from the actual fibres which go 
to the left ganglion cells. The view that these branches are indeed a 
new and recent growth is nearly justified by the consideration of 
analogous phenomena observed after section of both pelvics (page 426), 
phenomena that are almost inexplicable unless the possibility of new 
outgrowths from sound fibres be admitted’. 

Further experiments must decide whether the new contralateral 
connections of the ganglion cells are weakened and cede to the ipsilateral 
old, when the latter regenerate to union. In the lapse of 60 days, the 
longest period as yet allowed, regeneration was found to have occurred, 
but not to have displaced the ane ties. 


1 Lugaro (Riviste di Patologia nerv. e ment. x1. p. 327. 1906) hes miade ‘experiments 
to examine the. possibility of such budding from the medullated fibres of the sciatic nerve, 
but his results were negative. Perhaps a like outgrowth on the sensory side may explain 
an otherwise difficult: observation by Head (Brain, p. 172. 1905). -After section of a 
sensory nerve in man, epicritic sensibility usually takes about a year to return, the time 
being longer the further the lesion from the periphery. But when the ulnar nerve was 
severed through about two-thirds of its thickness, epiaritic sonsibility was regained in three 
months over all the area innervated by the ulnar. 3 
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In brief, after preganglionic section of one motor nerve the decen- 


tralised half of the bladder quickly recovered tone: its muscle, remaining 
very elastic, responded admirably to the hypogastric nerve. The other 
half of the bladder passed into a state of exaggerated tone, an indication 
may be of excessive activity of the sacral centres in the spinal cord. Later 
the surviving nerve obtained control of the paralysed half, and —" 
upon it also the abnormal increase of tone. . 

Anderson; that five to ten days after section of one hypogastric in the cat, the other hypo- 


gastric bad less effect than usual on the sphincter ani (This Journal, xvt. p. 426. 1894) ; 
that after ‘section of one pelvic nerve the other had less effect on the rectum and the 


bladder; and that removal of all the sacral nerves lessened the motor power of the hypo- 
gastrics on the bladder. Their general deduction was that ‘‘ section of the nerves appears 


to lower the irritability of the viscera they supply” (This Journal, xrx. p. 382. 1896). 


‘LV. BoTH PELVIC VISCERAL NERVES. 


The operation is the same as that for section of a single nerve: but 
the tail should be removed at the same time in order to keep the animal 
clean. The degeneration removes all the preganglionic sacral motor 
nerves and nearly if not all the sensory nerves of the bladder. 

Disturbance of function. The bladder is then completely paialijeed 
and must be emptied by external pressure on the abdomen. For the 
first three or four days this action meets with great resistance that seems 
to lie in deliberate closure of the urethra, for it did not occur in two animals 
in which the hypogastrics had been cut at the same time as the pelvics. 
Subsequently the evacuation is performed with great facility. In the 
third week water in small quantities is voided occasionally, the power of 
evacuation increasing day by day ; and from the sixth week onward there 
is never further need of attention. 

No trouble was ever caused by accumulation of material i in the ale. 
Discharge of faeces, if solid, is very slow and accompanied by eversion of 
the rectal mucous membrane. The result of this is often.a permanent 
eversion of the last centimetre or so with slight surface bleeding. But 
usually the material expelled is semi-liquid, its discharge being very 
frequent and accompanied by that of 10 or 20 c.c. of urine. The mic- 
_ turition is effected unconsciously and without the aid of abdominal 
pressure, for it was frequently observed while the animal slept. 
Deliberate application of mechanical pressure generally failed to evoke 
the discharge ; for when the bladder was being emptied by squeezing, it 
was always necessary to maintain the pressure until the end, as otherwise 
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the ontflow ceased though meeting with but little resistance in its 
passage. Nor was micturition ever produced,.as by Goltz in the dog, 


_ by inserting a thermometer into the rectum. While generally an incom- 


plete discharge, e.g. of 20 c.c. leaving 30 c.c. within, the act was sometimes 
repeated until the bladder was quite emptied. In these cases of self- 
sufficiency the bladder was generally of rather small capacity. | 
Condition of the bladder. The state.of the bladder after the i injury 
to its nerves was examined at successive intervals. 
On the eighth day, before any power of spontaneous discharge had been 


acquired, the bladder was relaxed, holding 100 c.c; at a mean pressure of 


less than 10 cm.; but it exhibited a well marked rhythm. Stimulation 


_ of the hypogastrics had a typical result, initial contraction (isometric 
. record) and then fall. of intravesical pressure to 5 cm. with arrest of 
. thythm, Immediately after stimulation the tone was slightly exalted 


and the rhythm became more rapid. This rhythm was perfectly regular 


_ and reacted with uniformity to various stimuli. Thus when the tension 


was raised by voluminal dilation from 90 to 120 cc. the beat was 


sds Rhythmic contractions of cat’s bladder on pressure record with constant volume. 
Both pelvics out eight days previously. A.O.E. Hyp. cut: bladder within abdomen 
and not exposed. 
A. Vol. 90¢.c. waves from 6 to 16cm., with secondary oscillations due to 
respiration. 
* B. Vol. raised to 120¢c.c. With the increase of physical tension the crest of each 
between each is less. 
coil 750m. Slight contraction just as bladder 
was relaxing from crest of wave : eee 
pure waves of respiration. =. 7 
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accelerated ; and relaxation between each wave was brief and — 
(op. Fig. 15). 

Adrenalin induced very. complete relaxation, hing 
clearly very susceptible of inhibitor influences. General contraction was 
not seen except as the immediate sequel to the injection of nicotine. 
After this poison the postganglionic nerves on the side of the bladder 
produced good local contraction. 

So the whole bladder was virtually in the same state as the decen- 
tralised half when one pelvic nerve was cut for a like time, being supple 
and apt for inhibition in contrast with the stiff ey observed 
after removal of the inhibitor nerves. : 

No examination was made during the third and fourth weeks when 
the occasional discharge of urine was commencing. 

In the final stage of self-sufficiency for micturition the following 
abnormality was found on the 46th day after the operation. The bladder 
was toneless, without rhythm, and enlarged to hold 120 c.c.: the muscular 
coat was hypertrophied. To avoid reflexes the hypogastrics were cut, 
and the spinal cord destroyed from the fifth lumbar segment to the coccyx. 
Stimulation of the pelvic nerves produced, no effect even with the 
strongest current, showing that there had been no regeneration (46 
days) of these to motor irritability. Exposure of, or continued pressure 
on, the bladder occasionally caused automatic contractions of 50 or 
more ¢.¢., from which the relaxation was quick. 

_ The hypogastrics displayed the most extraordinary sensitiveness. 
Even the slight stretching caused by placing them on shielded Ludwig 
electrodes led to their exciting the bladder; and the response was not 
that of inhibition but a full contraction, for example of 70 c.c. on v. 120, 
p. 6. Their electrical excitation had the same rapid result (cp. Fig. 16, 
p. 420). The contraction was of identical character with that seen in a 
normal bladder when the pelvics are stimulated, and it was equally 
upheld without relaxation until the stimulus ceased. : 

On the other hand the injection of adrenalin excited not a trace of 
contraction of the bladder while. it- lessened greatly the hypogastric 
motor action; and in another experiment it was seen that ergotoxine in 
large doses failed to paralyse the exaggerated motor action of the 
hypogastrics. The contraction therefore was not being effected by 
sympathetic postganglionic motor endings of the usual biochemical type; 
and the abnormality was not to be ore by a direct conversion of 
inhibitor into motor nerves. 

Nicotine was now injected in successive doses of 15, 5, and 10 mgm. 
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at intervals of about’20 minutés. : Each excited the bladder to quick 
and full contraction, which was followed: by as rapid a relaxation and 
then a steady slow after contraction with development of shallow rhythm. 
Adrenalin at once inhibited the after contraction. By these successive 


_ doses of nicotine the motor effect of the hypogastrics was. steadily 


diminished, and inhibition of the normal type became more. apparent. 
After 15 mgm. these nerves caused on v. 60 a contraction of 9 c.c., a 
marked drop followed by a pause, and then a contraction of 20 c.c. 
After the third injection inhibition became dominant, and the result of 
hypogastric stimulation on v, 80, p. 10 was a contraction of 11 c.c., a long 
pause, and then relaxation of 22 c.c. (or 11 + 22) with — recovery 80 


soon as the stimulus ceased (Fig. 17, p. 420). 


This unmasking by nicotine of the normal diphasic action of the 
hypogastrics suggests that the novel contraction may be attributed to 
an outgrowth from sympathetic fibres branching in the hypogastric 
plexus to the decentralised pelvic ganglia, a growth similar to that 


already assumed to explain the development: of the contralateral pelvic 


contraction. Such endings would not be paralysed by ergotoxine. A 
little difficulty would occur in the large amount of nicotine that was 
needed for their paralysis ; but this need was evidently to be referred 
to the peculiar state of the ganglion cells, as indicated by the fact that 
they were stimulated by each successive injection of the drug and were 
not paralysed at once, 

_ & second explanation might, however, be found in the view that | 
the reaction of a ‘muscle to the nervous stimulus does not maintain the. 
same sign at all times in an individual: and that when the tension is 
uniformly low the muscle may ultimately react to the jar of the nervous 
impulse by contraction, whereas from a general high level of tension it 
would be relaxed. So rapid.and complete an inversion of response in 46 
days is not very probable. Admittedly the tensile conditions accorded 
in this animal with those needed for the change. But in others the 
development of the hypogastric motor abnormality. was restricted to one 
side or even to a less area of the bladder: and in these the hypogastric 
of one side ‘caused inhibition; that of the other full contraction, though 
the bladder was in an equal state of moderately 
tone, 

| it. -may that ‘the:change was 
by an‘ outgrowth of sympathetic fibres to the pelvic ganglia, The 
question arises whether these would be from pre- or postganglionic 
fibres. The paralysis by nicotine refers rather to the pelvic ganglion 
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cells and cannot decide-+he matter: the failure of ergotoxisie to block 
the impulse only suggests that it was not transmitted through motor 
postganglionic sympathetic nerves. But the possibilities of crossed 
regeneration, as defined by the researches of Langley-and-Anderson, 
tend to limit the growth to the spinal preganglionic fibres which do , 
occur in the-hypogastrics, _ 

Only two experiments direetly bearing on this point were made, and 
their result.was anfortunately doubtful. In one the pelvic nerves were 
 eat:-44-days later the spinal cord was excised from the coccygeal up to 

the 2nd sacral spinal segment so as to prevent regeneration of the 
pelvics. On the 24th day the abdemen was opened and the hypo- 
gastrics tested; the left gave a normal reaction, but the right a fair 
contraction reaching up to the apex on the right side. The inferior 
splanchnics were then all cut. Eight days later the hypogastries were 
again tried. Excellent inhibition, from 25 to 65 c.c., p. 15, was observed 
upon their stimulation, but also a Jarge-motor effect on the right side. 
This last was lessened by the injection of nicotine, though it did not 
disappear. 3 
The second experiment gave no information on the point, for in it 
49 days after section of the pelvics the hypogastries gave only the 
normal inhibition, and their action was unaltered by six days’ — 
tive section of the inferior splanchnics. 

The last case illustrates another aspect of the abnormal motor action 
of the sympathetic nerves, namely that it is not necessary for the 
bladder’s recovery from paralysis, In this no further attention had to 
be paid to the cat after the 42nd day, and yet there had been no change 
of action of the hypogastric nerves. In another animal the hypogastrics 
were cut after the natural discharge of the bladder had been established, 
and the section did not bring back paralysis. Similarly in the two cases 
quoted above paralysis was not produced by section of the inferior 
splanchnics. Moreover in two other animals the hypogastrics were cut 
at the same time as the pelvics, and in these micturition was restored 
with no delay beyond the ugual interval. 

From this it is evident that the spontaneous licilitine teow 
the bladder, when ultimately established, is a local act that is 
_ entirely independent of ngrves uniting the organ with. the 
C.N.S.; and that the superadded motor power of the sympa- 

thetic described in the first case was an accident and a rarity. 
Associated with it was an abnormally early recovery from paralysis, the 
bladder being self-sufficient from the 11th day onward, that is from about 


4 
= 
€ 
> 
a 
= 
4 
$4 
| 
= 


BLADDER AND URETHRA. 429 


the time when, as judged by the period needed for the appearance of 
_ the contralateral pelvic effect, the branching nerves could have effected 
functional union with the pelvic ganglion cells. | 

If the branches are from preganglioniefibres, then the differing 
extent to which the abnormal union was found to occur in different 
individuals may have been determined by differences in.position of the 
ganglion cells on the sympathetic nerves to the bladder, being pre- 
sumably least when these lie chiefly in the inferior mesenteric ganglia. 


The observations recorded above are in harmony with the results Obtained by other 
workers on dogs. Mosso, and others subsequently, observed that section of the hypo- 


gastrics did not interfere with micturition. Zeissl!, Lewandowsky and Schalz?, and 


Wlasow’® agree that after section of both hypogastrics and pelvics the bladder eventually 
developes the power of discharging 100 or more c.c. of urine a¢ a time. Such a develop- 
ment of local activity is similar to that recorded by Goltz and Ewald‘, when the 
lumbo-sacral cord had been excised. Merzbacher® proved the need of sensory impulses 


for micturition, insomuch se # dog, in which he had cut the posterior sacral and coccygeal 


spinal roots, could wag its tail at will, but not empty its bladder. But section of the 
lumbar roots, sesording to Sherrington®, paralyses the cat’s bladder for only 24 hours. 

MiMer’s’ results are of interest, After excision of the sacral cord in dogs, paralysis 
of the bladder gave place in a month or more to unconscious micturition. The bladder 
wall was then greatly thickened (p. 124). But water was often expelled in fright (p. 117) : 
it was not ascertained whether this was caused simply by abdominal pressure, or by a 
perverted action of the hypogastrics. In one animal after excision of the cord from the 
sixth lumbar segment to the end (the segments were not defined by Miller, and are identified 


conjecturally from his description) reflex erection of the penis could not be produced, — 


but psychical erection did occur. This last disappeared after excision of the lumbar cord 
as well, and probably must have depended somehow on the hypogastrics. As it was 
observed within six days of the first operation, it cannot be explained by a new growth of 

sympathetic fibres with perverted action ; a 
central inhibition. 


There is then no doubt that the fully decentralised bladder is  dipible 
of automatic, if feeble, contraction and discharge of urine, The condition 
of the bladder, when this power was developed, was the following. 


Wien, klin. Woch. p. 894. 1896. 

Centralblatt f. Physiol. p, 483. 1903, 

Kasan. 1908. Before to in Physio. p. 71, 1006 

* Phliiger’s Archiv, p. 385. 1896. 

5 Phliiger’s Archiv, p. 585. 1902. 

This Journal, xvm, p. 216, 1894-5. ant Cle on: 
p- 481, 1894) stated that section of the first five lumbar spinal roots in the cat paralysed 
the bladder. The operation should be equivalent to section of the preganglionic inferior 
splanchnies, which neither in their experiments (p. 427) nor in mine checked micturition. 
In reality the paralysis was due to injury of the spinal cord, the dissection having crushed 
and interrupted the path from the brain to the sacral centres. nok esreneimaaedea tay 
injury in these operations is recorded in Proc. 
Dtsch, Ztschr. Nervenheitkunde, xx1. p. 86. 1901. 


2 


= 
Ps 
Nu 
¥ 
4 
A 
4 
| 


430 R. ELLIOTT. 


_ Histological. The muscular coat was gréatly thickened in every 
lage its fibres, the histological examination being made with minimal 
distortion of the tissues by fixing in formalin and cutting frozen in gum, 
were of greater cross sectional area than those of a normal bladder and 
they had also increased in number. Strands of new muscle fibres were 
spread in all directions through the submucosa coat, where they do not 
normally occur.. The hypertrophy was evident in three or four weeks. 
Changes i in the ganglion cells were not determined. 

It is not urged that this hypertrophy of the bladder illustrates a 
general law that plain muscle hypertrophies when decentralised. No 
change was observed in the colon or urethra. The growth must have 
been the result of some local causes, probably not a change of blood 
supply but the mechanical conditions introduced by the paralysis of 
micturition. Accordingly it did not appear on one side when one pelvic 
was cut; nor was it seen in two experiments in which the attempt to 
cut both pelvics had failed of complete success, and a small strand 
remained to perform a lame micturition. 

Physiological. As growth proceeds, the muscle loses the flexibility 
noticed at the end of the first week, and the capacity of the bladder also 
is lessened. The power of automatic contraction, that is at last attained, 
is not associated with a keener sensitiveness of the decentralised muscle 
and nerve system to any stimuli, except perhaps to those of the temper- 
- ature changes involved in exposure. Though grown bulkier, the 
bladder deteriorates in suppleness and irritability. Direct 
electrical faradisation of its wall causes a contraction that is restricted to 
an area of 2 or 3 cm. diameter, and does not spread at once over all one 
side as in a normal bladder. And the contraction is succeeded by a 
growing contracture. Adrenalin cannot relax the fibre very far; nor 
does nicotine provoke by excitation of the ganglion cells a full contraction. 
The stiffness and sluggishness become week by week more marked. 

In the longest experiment made, after the pelvics had been cut for 
140 days, during the last 70 of which the sacral spinal cord also had 
been excised to check regeneration, even the automatic contraction of 
the first months had almost failed and urine simply dripped out. The — 
capacity of the bladder was found to be very small, not yielding to a 
greater volume than 80 c.c. even when under the influence of adrenalin. 
The muscle coat was exceedingly thick, and great papillomata projected 
from the mucous membrane at the apex into the interior. Stimulation 
of the postganglionic nerves on the side of the bladder caused in their 
own area a slow but very rigid contraction, from which .the relaxation 
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was slow. After 20 mgm. nicotine, neither from these nerves nor from 
the muscle itself could faradisation elicit a response. 

But in one experiment of almost the same duration an opposite 
result was obtained. Both hypogastrics and pelvics had been cut, and 
35 days later the sacral spinal cord was excised. Micturition was 
unconscious and incomplete ; but the bladder was always small and hard 
to palpation. This was still the case on the 80th day. It was not 
examined again until the 130th day when it was found to be soft and 
distended. The animal’s brain was then destroyed so that the bladder 
could be examined without ether. It was found to be moderately hyper- 
trophied but of low tone, v. 100, p. 12. It contracted with exposure, 
but relaxed at once when returned to the abdomen. Squeezing, so as to — 
raise the intravesical pressure greatly, did not alter the- tone; nor did 
the inhalation of ether. Faradisation of the muscle directly, or of the 
postganglionic nerye trunks, caused a practically normal reaction without 
contracture, Nicotine also excited the bladder to full contraction. The 
pelvic nerves had not, but the hypogastrics had regenerated to both 
motor and inhibitor effect. 

~The change in the tone of the bladder between the 80th and the 
130th day perhaps was caused by the fresh influetices to which the 
muscle was subjected, as the regenerating inhibitor fibres of the hypo- 
gastrics regained touch with them and restored their original elasticity. 
But there is the difficulty that in the other case quoted, in which the 
rigidity of the bladder increased progressively up to the 140th day, the 
muscle was throughout united with these nerves. 

Putting aside the later changes in the bladder with the possibility of 
vicarious contraction by the hypogastrics, and looking only at the state 
of the muscle in the second five days when the cut old nerves are dead 
and new fibres have not yet grasped their places, the contrast is clear. 
Decentralisation of the motor ganglia produces changes the very converse 
of those sequent to removal of the inhibitors: There is a reciprocal 
interaction of the two sets of nerves in upholding the 
muscular ‘“‘tone.” This was lowest when both pelvics were cut and — 
the inhibitor nerves were intact: it was higher, as the succeeding pages 
will show, when all the nerves and the ganglion cells were taken from 
the muscle: the increase culminated in the stiff rigidity displayed after 
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V. DENERVATED MUSCLE. 

The muscle was denervated by picking the ganglia off the bladder 
wall with fine forceps. In all but two cases only one side was so treated, 
the denervation then being assured by the known fact that each pelvic 
nerve supplies only its own side of the bladder. During the operation 
a light clamp was placed on the urethra so as to retain the urine dis- 
tending the bladder, and ill effects of exposure were lessened as much 
as possible by covering with warm moist flannels. The hypogastric and 
pelvic nerves were not revealed ; but the branches of the vesical plexus, 
beginning at the urethra, were torn away and the dissection carefully 
continued up past one ureter. Pacinian corpuscles as well as ganglia 
were removed ; but probably some of the sacral sensory nerves escaped 
harm, Especial heed was given to cleaning the large veins, behind the 
soft wall of which a little ganglion may easily lie hid. Very few of the 
ganglion cells of the efferent sacral nerves lie buried within the muscular 
wall, so the denervation was fairly complete’. But from these few cells 
new fibres probably grow, as the weeks pass, out to the isolated muscle, 
and so progressively diminish the area of denervation. 

The operation did not interfere with micturition. Eight experiments 
of unilateral denervation were made, In each, when the state of the 
muscle was to be examined, the brain of the animal was destfoyed © 
(“ pithed*”), so as to avoid abnormalities introduced by anzsthetic drugs. 
_ The bladder changes were observed under conditions of constant pressure. 
The reaction to the various nerves was tested and also the direct 
electrical excitability of the muscle. For the latter purpose faradisation, 
single induction shocks, and the constant current were tried. In the 
normal bladder single induction shocks cause a brief and inextensive 
contraction that may need watching lest it escape notice altogether : 
faradisation provokes quick contraction of the entire side. A constant 
current from five Daniell cells in series, when applied to the outer surface 
by electrodes 1 to 2 cm. apart, does not cause ‘general contraction of the 
muscle, Though the current be strong enough to liberate bubbles at 
one electrode, only a slight contraction is seen at the other, and a white 

1 Once the abdominal aorta was clamped for four hours: but this failed to kill the 
ganglion cells, though it led ultimately to great thickening of the bladder wall. | 

* When only the hemispheres were destroyed by high pithing, the siniiiliats dowitened 
_ in the viscera was certainly not that of a general decerebrate atonia. Some visceral 
reflexes were very prominent. Thus the bowels, which were flushed, whitened with instant 
vaso-constriction at first exposure to the air. Handling the viscera soon led to repeated 
reflex vomiting, which was so violent as to hinder examination of the bladder, a 
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stimulating 
hypogastrics 


Toneless, vy. 80, p.10, Not tried. 


In these last two experiments, both sides of the bladder were denervated as well as possible. 
Result of 
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wheal marks the line of contact of the wire. The result is not altered 
when the rate of onset of the stimulus is slowed by choking the circuit 
with the closely wound secondary coil of an inductorium. But even in 
the apparently normal muscle the response to any stimulus is apt to be 
lost, when the wall has by retention of urine been long subjected to 
excessive distension. In only one of the experiments, no. ix, was there 
reason to fear the introduction of this error. 

The 'experimerits made were too few to serve as a safe is for 
generalisation. They are therefore given in detail in the subjoined 
table, in order that the value of the deductions from them may be 
estimated. In each the reactions of the denervated side are named first. 
There was no manifest change in the blood supply to the denervated side: 


and as a rule there was but little scarring or adhesion to the peritoneal 


surfaces. 

Cut visceral nerves, according to Langley ee Anderson’, are still 
excitable in the cat on the 4th day, but have lost all irritability at some 
date before the 9th day. Perhaps Exp. (i) just touched the dying 
irritability. In (ii) and (iii) the denervated muscle was numb to the 
stimulus of electrical faradisation ; by adrenalin it was relaxed, but did 
not contract with nicotine, The muscle of the uninjured side at this 
time had passed into a state of exalted tone, showing a tendency to 
contracture. In (iv) and (v) the muscle was almost equally excitable 
everywhere, and the left pelvic was able to affect the other side of the 
bladder weakly. It is doubtful to what extent imperfect denervation 
may be appealed to in explanation of these last two results. But (vi) 
gave a purely ipsilateral contraction by the pelvic, and a very feeble 
reaction to electrical and chemical stimuli on the denervated side. The 
remaining experiments showed return of complete excitability every- 
where with regeneration ; and also illustrated the compensating spread 
of the regenerating nerves, by which the few surviving ganglion cells 
were able to govern all the territory once possessed by many. 

From this it seems certain that the quick contraction of all one 
side, when the normal bladder wall is directly faradised, must be 
effected by the stimulus spreading in the nerves, not by 
conduction in the plexus of plain muscle: also that the rhythmic 
contractions of the bladder are manifested only when the muscle is in 
connection with its ganglion cells. The denervated muscle contracts 
where pinched. Doubtful was its irritability toward faradisation. On 


1 This Journal, x1x. p. 381. 1896. 
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the whole it would seem that the muscle does respond to the stimulus 
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and to that of nicotine weakly. From the slight contraction induced by 
faradisation it relaxes almost as quickly as does normal muscle. 
The cold of exposure is slow to induce contraction, but the contraction 
is then abnormally persistent. In Exp. (x) the muscle showed singular 
immobility at various levels of tension. 

Broadly summarising the details of all the experiments, it is seen 
that the decentralised plain muscle, before-entering on the 
period of torpid overgrowth, is supple and quick to respond 
in all its area to electrical stimulation, and also exhibits 
rhythmic movements; but that the denervated muscle has’ 
no rhythm, and only dull irritability. 

These results must be strictly limited to the bladder. Anderson’s? 
experiments on the kitten’s heart proved that its rhythm is in no wise 
dependent on the presence of the motor ganglion cells, Magnus? on 
the other hand found that the rhythmic movements of the cat's 
intestinal muscle are continually dependent on its union with the 
intestinal ganglion cells, so as to be lost at once by severance long 
before the nerve fibres decay. 

So, closely considered, the contrast between the physiological — 
capabilities of decentralised and of denervated plain muscle’ may not be 
very wide. It is less, the broader the field in which it is examined. 
And it is a tenable view that of the three nucleated units, the cell in the 
C.N.S., the cell of the ganglion, and the muscle cell, which are welded 
to form the efferent chain, any one has an equal native capacity of 
assuming dominance; hence in the heart the muscle supplies the 
rhythm, in the intestine and bladder the ganglion cells‘, while for the 
diaphragm it is those still further back in the respiratory centre’. — 

That may well be so, and yet the links of the chain be of very 
- unequal morphological value. The functional value of the ganglion cells 
seems to be relatively simple. They do not act as peripheral reflex 


? This Journal, xxx1. 1904, Proc. Physiol. Soc. p. xxi. 

2 Pfhliiger’s Archiv, cu. pp. 123 and 349. 1904. | 

3 Cp. Anderson on the sphineter iridis, This Journal, xxxut. p. 156. 1905-6. 
_ * The persistence of rhythm in bladder and intestine after the injection of nicotine 
gives the proof sought by Langley (This Journal, xxxu. p. 400. 1905-6) that the nerve 
cells retain function after external paralysis by nicotine. 

® Contrast, too, the dependence of the rhythm of the striped muscle of Limulus’ heart 
on its ganglion cells (Carlson), and the similar dependence of the muscle of Sipunculus’ 
body wall for automaticity on its O.N.S. nerve cells (Magnus, Archiv f. exp. Path, u. 
Pharm. 1, p. 86. 1903) with the persistence of rhythm in the denervated muscle of the 
earthworm as demonstrated by Straub (Pfliiger’s Archiv, uxxrx. p. 379. 1900). 
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centres, but merely as relay stations on the path of efferent impulses ; 
and in some cases they initiate rhythmic contractions of the muscle. 
Their removal does not lead to muscular atrophy. 


MoRPHOLOGY OF THE VISCERAL GANGLION ORLLS. 


The morphological value of the visceral ganglion cells is an unsolved 
problem of pressing interest. From what tissues are they derived ? 
Is their closest relationship to the central nervous’ system or to the 
peripheral muscle? By the presence of these ganglion cells the visceral 
or autonomic nerves of vertebrates, whether they supply plain muscle 
or secreting glands, are distinguished from those to the striated skeletal 
muscles, In gross anatomy the ‘distinction is fundamental. The efferent 
nerves of. both systems issue from the C.N.S. by the anterior spinal 
roots. But the course of the one nerve to the striated muscle is 
uninterrupted and direct: that of the other is broken by the ganglion 
cell. If the ganglion cell is shown to be akin to any structure on the 
outward course of the skeletal nerves, then the two systems can be — 
homologated with reference to one archetypal = Failing that, the 
cleft between them is profound, 

The difference may be lessened by means of the following two 
assumptions—for their rigid criticism there are not enough data. 

1. That the visceral ganglion cells are not emigrants from the C.N.S. 
or from the spinal ganglia, but are developed peripherally in connection 
with the unstriated muscle (or other visceral tissue). 

2. That the protoplasmic nucleated mass at the nerve widlna on a 
striated muscle fibre is homologous with the visceral ganglion cell 
connected with unstriated muscle. 

The considerations which have inclined me to this belief may be 
briefly summarised’, 

a. The embryological evidence upon the origin of the visceral 
ganglia is equivocal. 

b. Physiologically there is no kinship between the spinal root 
ganglion cells and those of the visceral ganglia. The former are on the 
course of sensory afferent, the latter on efferent fibres. Nicotine and 
curare do not affect the one, they block the passage of impulses out- 
wards through the other’. 


c. Tested biochemically by their reactions to nicotine and curare, 


i The argument has previously been outlined in a communication to the Physiological 
Society, Dec. 16, 1905. This Journal, xxxu1. 


* Langley, This Journal, xxvu. p. 224. 1901. 
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the visceral ganglion cells must be classed with the “ motor plates” on 
striated muscle. , 

Nicotine stimulates and then paralyses the ganglion cells of all 
visceral nerves’. In slightly larger doses it paralyses the nerves to 
striated muscle; and it was shown by Langley to stimulate certain 
striated muscles in the bird and frog. Both in striated muscle and in 
ganglion cells of unstriated the stimulation can occur after degenerative 
section of the efferent nerves from the C.N.S. Langley* concluded from 
this that nicotine in stimulation affects the muscle (“receptive ”) 
substance directly. But it may rather be that the action of the poison 
is still localised on the nervous side, though beyond the nerve branching. 
The common points for the two tissues would then be the motor plate 
of striated, the ganglion cell of unstriated muscle. 

Similarly curare paralyses the “motor nerve endings” of striated — 
muscle in vertebrates; and in larger doses paralyses the visceral 
ganglion cells’. 

d. Taking next the possibilities of crossed regeneration of nerves 
Langley and Anderson‘ have shown that any preganglionic visceral 
fibre can supplant the motor nerves to striated muscle, and vice versa ; 
but that in the visceral class preganglionic fibres cannot unite with 
- unstriated muscle except through the intermediary of a visceral 
ganglion cell®. In other words, all the primary efferent nerves leaving 
the C.N.S. are of one class. All can unite with a visceral ganglion cell, 
but only thus indirectly with unstriated muscle: all can unite “directly” 
with striated muscle. The facility of cross union indicates a similarity 
in nervous structure between the ganglion cell and the protoplasmic 
mass of the motor plate. 

e. The rhythmic contractions and the faradic excitability of the cat’s 
bladder depend largely on the connection of the muscle with its ganglion 
cells, Skeletal striated muscle has been so subordinated to the initiative 
of the C.N.S. that it atrophies to meagre tenuity after section of its 
nerves, and the atrophy conceals possible physiological activities’. But 


1 The broad rule includes various discrepancies noticed by Langley in his general 
criticism of the value of poisons as means of morphological analysis. This Journal, xxxu11. 
p. 408. 1905-6. 

* Ibid. p, 399. 3 Langley and Anderson. This Journal, xrx. p. 139. 1895-6. 

* This Journal, xxxt. p. 865. 1904. 

5 A possible exception is discussed by Anderson, ibid. xxxu1. p. 434. 1905-6. 

® Loss of faradic irritability by degeneration of the nerves to striated muscle is not 
universally the rule. In the cat (Sherrington. This Journal, xv. p. 253. 1894) the 

muscle of the body at no time exhibits such loss. 
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one striated muscle, the external sphincter ani’, is less dependent on the 
C.N.S. It does not dwindle after section of its motor nerves, but soon 
regains a little tone, exhibits rhythmic contractions and a very sensitive 
irritability toward faradisation. The faradic stimulus then in general 
may be affecting not the muscle but something of a nervous nature’ 
that survives at and beyond the “motor plate” in the muscle mass. 
The same nervous “ postganglionic*” network would, upon the view of 
the action of curare which I have detailed above, receive the faradic 
stimulus when the motor nerves have been paralysed by this poison. | 
f. The developmental relationship of the muscles to the nerves. In 
monsters born without a C.N.S. the striated muscles may be developed 
perfectly‘, In such an amyelous fetus dissected by Sherrington’ the _ 
motor nerves to the striated muscles were altogether absent. The 


ganglia and only the postganglionic nerves of the visceral systems with . 


their muscles were present. So here by common default, as above 
by common action, the motor nerves to striated muscle are classified 
with the preganglionic visceral nerves. Unfortunately no histological 
observations record the condition of the motor plate in such monsters‘. 
_ g. Striated muscle is undoubtedly the oldest of the contractile 
tissues in the vertebrate body, just as it is the only muscle of the 
Arthropods. Its development has been continuous; and in almost all 
animals there is found a nucleate mass of protoplasm as intermediary 


1 So Goltz and Ewald, Merzbacher, Miller, and Fuld. In some rats from 
which I had removed the lumbo-sacral cord (This Journal, xxx1. p. 287. 1904) the tone of 
the sphincter ani was good: but it was always lax in my cats. In the latter animals the 
muscle did not react to stretching; but it was very readily irritated by faradisation, and 
the contraction then spread at once over all the muscle including, oddly, its prolongation 
around the vagina. 

2 Op. Keith Lucas. This Journal, xxxv. p. 103. 1906-7. 

3 By the use of curare it has been calculated that there is a delay of :005 seconds in the 
motor plate. This is practically the same as that calculated for transmission through — 
a cell synapse in the C.N.S. The corresponding time values for plain muscle and its nerves 
have never been determined. 

Judging from the behaviour of the electrical organ of Malapterurus, on which nicotine 
E.M.¥. changes where the excitatory impulse meets the nervous tissue at the primary synapse. 

‘ A number of such cases are cited by Neumann, Arch. f. Entwickelungsmechanik, 
xm. p. 448. 1902; but none had been analysed so fully as that by Sherrington. 

5 This Journal, xvit. p, 250. 1894. 

© has net to my knowledgs touched 
the question from this pointof view. Granville Harrison (American Journ. Anat. 111. 
p. 216. 1904) concludes from experiments on the frog that the motor nerves usually 
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between the motor nerve and the muscle. This mass, the “sole of the 
motor plate,” is presumably developed from the protoplasmic “neural ” 
half of such an original unit as the Hydra’s myo-epithelial cell. 

Unstriated or plain muscle of the vertebrates is a tissue totally 
unlike that of the lower groups: its cells are small, the efferent nerves 
to it are ganglionated. Its origin, whether as an entirely new formation 

or by remodelling of some older type, is unknown. But the homology 
that I have suggested would recognise in the ganglion cell the same 
“neural” half of the myo-epithelial unit as that which has made the 
cone of Doyére or the “sole’” for the striated muscle. The efferent 
_ fibres from the proper nervous enem have in each case become united 
with the same part. : 

It is to be noted that the cranial and ances visceral ganglion cells lie 
quite close to the peripheral muscle: and as the functions subserved by 
these great groups of plain muscle and nerve, namely those of ingestion 
of food at the oral end and of its excretion at the other, are of the 
earliest need, it may be supposed that they present the archetypal form, 

a further reason for believing the position of the ganglion cell to be 
originally peripheral. The contractile material, and especially that of 
the sympathetic subdivision, has been dragged away in the walls of the 
various organs, become endowed with nuclei of its own, and multiplied 
to form musele sheets. It is even possible that the unstriated muscle of 
the gut has again budded forth nervous material, and so made the local 
' connections of the intestinal ganglia’ as an offshoot not directly 
connected with the spinal nerves. 

This hypothesis does not conflict with the arguments that I have 
used for the recognition of the “ myoneural junction*” where peripheral 
nerve meets muscle. My conception of this was, so to speak, purely 
biological, attempting no further objective analysis. Sherrington’s‘ 
physical picture of a “synaptic membrane” may be applicable. But 


1 Cp. Kiihne’s figures from cat’s muscle, with an almost diagrammatie ending of each 
branch of the motor axon upon a nucleus of the motor plate (Ztschr. f.. Biol. xxi. 
Fig. 317. 1887). A serious difficulty is presented by the absence of any obvious proto- 
plasmic mass in the nerve endings of certain amphibia. The nuclei of Kiihne’s 
““Bndknospe”’ may represent this : but they lie on the nerve fibres, and not between them 
and the musele, 

* The intestinal plexuses in the bird appeur latest of all, and the masses of the ganglia 
are formed chiefly by local multiplication. W. His, junr. Arch. f. Anat. u. Physiol. Anat. 
Suppl. p. 187. 1897. 
 §* This Journal, xxxn. p. 436. 1905. 

* This Journal, xxx1v. p. 87. 1906. 
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Langley’s’ identification of it with a chemical “receptive substance ” 
is not easily adapted to the facts of the innervation of the bladder. He 
believes that a receptive substance for the nervous impulse, a substance 
which may be identical with that for chemical stimuli such as adrenalin, 

is differentiated in the protoplasm of the peripheral reacting cell. The 
_ substance appears in process of time through the latent tendency of the 
cytoplasm to chemical variation (by definite mutation?) independently 
of the union attempted by the nerve. Failing this substance an entrant 
nerve cannot effect functional union with a cell. Chemical variation 
must, therefore, be synchronous and similar over an extensive area, for 
example in all that of the sympathetic muscle, which displays a common 
class of reactions to stimuli. 

Langley’s view explains admirably the persistence of a given 
excitability in the peripheral cell after degenerative section of its nerve. 
_ But it does not clearly ascribe a determinant value to the entering nerve, 
which must knock patiently unheard until the cell chances to develope 
the proper receptive substance. I gave a definite value to the play of 
the nervous impulse, so that the union, whether pre-existent or acquired, 
should soon evoke in the cytoplasm of that cell machinery reacting toa 
given chemical or nervous stimulus, machinery which was not in exist- 
ence before. 

_ Strictly interpreted, the “receptive substance ” theory is a doctrine 
of inflexibility. Upon it nervous union can do nothing to effect a 
particular nervous control until the sudden variation of the peripheral 
substance shall arise and introduce the action. The explanation 
suggested by Langley of the main discrepancies between the action of 
adrenalin and that of the sympathetic nerves runs at once into this — 
obstacle. Pilomotors of the skin and the dilator muscle of the iris are 
in some animals much less responsive to adrenalin than are the muscles 
of deeper visceral structures. Langley suggests that this difference 
may have origin in the fact that these peripheral structures were 
developed at different phylogenetic epochs. Yet instances occur where 
these skin structures or the dilator pupille are most sensitive to 
adrenalin; and these are instances where the tissue is worked daily 
and hourly by the nervous system, where the nervous action does seem 
to have engendered the particular irritability. 

The difference between the two theories may be fairly tested 2 
applying each to the case of the cat's bladder. In most mammals the 


1 This Journal, p. 874. 1905-6 : Series B., 
Lxxvut. p. 198. 1906. 
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main element of the bladder wall is a sheet of plain muscle which. con- 
tracts in response to stimulation of the sacral nerves, and which is 
indifferent to adrenalin and to stimulation of the sympathetic nerves, — 
Therefore on Langley’s view its muscle cells contain a receptive sub- 
stance for sacral nervous impulses, and for these flone. In the cat, and 
in some other animals, this identical muscle is inhibited by adrenalin and 
by the sympathetic nervous impulses. Chemical variation in the muscle 
must therefore have occurred and given birth to the proper receptive 
substance which the waiting nerve might seize. But such chemical 
variation would hardly be expected to occur sporadically in different 
members of a zoological genus, as is the case with this peculiar form of 
double innervation. Still less probable would be its failure to appear in 
the abnormal examples that I have cited (p. 377), where the bladder 
- muscle existed but not the sympathetic nerves, and where the muscle 
could not be inhibited by adrenalin. 

The question has more than an academic interest of definition. 
Recent workers are agreed that the peculiar reactions of various tissues 
do not inhere immediately in the “nerve endings,” if these be defined 
as the microscopically visible terminations of the axons. Viewing the 
debatable land beyond the nerve ending, Langley attains to a general- 
ised conception of the receptive substance which differs fundamentally 
from the idea that I have tried to present. To attribute all change to 
independent chemical variation in a peripheral cell and to deny all 
power of the nerve to engender a particular irritability in a tissue with 
which it seeks connection, whether continuity or discontinuity be accepted, 
is a theory of precision but of such rigidity as to make difficult a com- 
prehension of the flexible yet orderly co-ordination of all nervous 
activities. Further it almost disallows the method which I have tried 
in the preceding pages to use for tracing with biochemical tests the steps 
of evolution. 


SUMMARY. 


The chief points of this paper are :— 

1. The physiological innervation of the bladder differs from animal 
to-animal, even as its anatomy does. 

2. In all mammals the pelvic visceral or sacral nerves cause the 
whole bladder to contract: in the cat and rabbit, and probably in others, 
they also inhibit the sphincter. Hence the pelvic visceral nerves (nervi 
erigentes) are the nerves of micturition. 
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8. The cells of the spinal cord which give origin to these nerves lie 
in the sacral segments below the lumbar enlargement. This lower 
segment of the cord is sufficient for reflex micturition. 

4. In the cat the hypogastric nerves, whose root origin is above the 
lumbar enlargement, constrict (but do not shorten) all the urethra and 
relax the bladder. They are the nerves which facilitate retention of 
urine. 

5. The cell relays of these inhibitor nerves in the hypogastrics lie 
chiefly in the inferior mesenteric ganglia side by side with those of the 
motor nerves to the urethra and base of the bladder. 

6. Inhibition by the hypogastrics is seen to a less degree in the 


monkey and apparently in the pig: there is no good proof of its occurrence 


in man. 

7. Automatic rhythmic contractions practically do not occur in 
other bladders than those which possess inhibitor nerves. 

8. In the dog the hypogastrics control only a very small area at the 
base of the bladder close to the sphincter, and in this they produce only 
contraction as they do in the cat: synchronous and universal inhibition 


of the rest of the bladder, as seen in the cat, is not produced. 


9. Similiarly in the rabbit, female goat, mongoose, etc., the hypo- 
gastrics innervate only a narrow area at the back of the bladder. 


10. But in the ferret conspicuously, and to a less extent in the | 


male goat, the contraction evoked by the hypogastrics includes the whole 
bladder. Perhaps the muscle innervated by the hypogastrics is here a 
sheet separate from that innervated by the pelvics, being an upward 
extension from the area between the ureters where contraction is 
observed in all mammals, Its functional use was not ascertained. 

11. Constriction of the ureters is not caused either by stimulation 
of the sympathetic nerves or by the application of adrenalin. 

12. The cat’s bladder is both by its anatomy and by its innervation 
peculiarly specialised for the storage of large quantities of water. The 
presence of inhibitor nerves is a chief part of this specialisation. 

13. Degenerative section of the inhibitor nerves to the cat’s bladder 
heightens its tone. The bladder becomes of smaller capacity, its muscle 
fibres are less supple, and it loses much of its automatic rhythm: that is, 
the muscle assumes properties similar to those exhibited in animals 
a bladders have never possessed inhibitor nerves. 

Degenerative section of one pelvic nerve is soon recovered dune. 
The ine side regains tone: and within three weeks it is found 
to contract perfectly well in response to stimulation of the surviving 
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contralateral pelvic nerve. arly before this novel control has been 
established, the paralysed muscle is in the best condition for the 
demonstration of inhibition by the hypogastric nerve. 

15. Section of both pelvic nerves lowers the tone of the muscle, 
leaving, however, its spontaneous rhythm. Mieturition is paralysed. 
Four or five weeks later the bladder developes the power of spontaneously 
discharging some of its contents. This power is not altered by section 
of the hypogastric nerves or by excision of the lumbo-sacral spinal cord : 
it is a local, though lame, reaction. 

16. Earlier and better recovery from the paralysis may in some 
cases be attained by the hypogastrics. These inhibitor nerves then 
become motor. The change is not an essential inversion of the function 
of the original nerves, but seems to be due to an outgrowth of fibres 
from the hypogastrics to the isolated ganglion cells of the pelvic nerves. 

17. It would appear by the results of 14 and 17 that from quite 
uninjured nerve fibres side branches may bud out to unite with decen- 
tralised ganglion cells. 

18. Direct faradisation excites the muscle of the cat’s bladder 
indirectly through its nerves. Complete denervation of the muscle 
depresses its electrical excitability. 

19. It is suggested that the nucleate protoplasmic mass of the 
motor nerve ending in striated muscle and the visceral ganglion cells of 
the nerves to plain muscle are homologous, and further that the visceral 
ganglion cells in vertebrates are not derived from the central nervous — 
system but are of peripheral origin. ? 
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THE FUNCTIONS OF THE EPIGLOTTIS AND OF 
‘THE GLOSSO-EPIGLOTTIC FOSSAE. Br T. 
ANDERSON STUART, MD., LLD., Professor of Physio- 


logy, Unwersity of Sydney. 


Ir is over fifteen years since I published my account of the manner in 
which the larynx is closed. I do not propose now to traverse the whole 
subject : I desire rather that this paper should be taken and read with 
_ my earlier ones®*%”, My task has been greatly lightened by Eyk man’s® 
and Renshaw’s® confirmation of my main observations and of many 
even minute particulars. I would draw attention to the diagrams in 
both of these papers, which to some extent represent my views. The 
paper of Rhéti™, published about the same time as mine, con- 
tains in some respects similar conclusions, especially as regards the 
arytenoid cartilages, though not so much as regards the *epiglottis. 


EPIGLOTTIS. 


My account of the third stage of deglutition in man was in outline 
as follows. The arytenoid cartilages are apposed to each other, rotated 
so that their vocal processes come together, and incline forwards and 
_ glide bodily forwards, so that their elastic tips slide down the cushion of 
the epiglottis and close the aditus laryngis. The approximation of the 
arytenoids is due to the transverse arytenoid muscle; the other move- 
ments, rotation, inclination and gliding, are all due to the thyro- 
_arytenoids. At the same time these three muscles acting together 
play the part of a true sphincter muscle, obliterating the cavities of the 
vestibule and the ventricles’. From above and behind, e.g. laryngoscopi- 
cally, a T-shaped or triradiate fissure is now seen, the transverse limb of 


1 This is a true sphincter action and not what is spoken of by Henle), although he 
uses the term ‘‘ sphincter.” It is not what Merkel) means in using the term “con- 
strictor laryngis.” Luschka® applies the term “constrictor vestibuli” to the 
aryepiglottic muscles. 
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the: T: bounded in front by the recurved epiglottis and behind by the 
aryepiglottic folds; the vertical limb is simply the inscissura aryte- 
noidea.: centre ‘of the triradiate fissure has’ around it three 
tubercles: in front, the cushion of the epiglottis ; behind, the cartilages 
of Wrisberg, with the tips of the arytenoids and the cornicula. The 
tips of the ‘arytenoid cartilages thus lie in a groove formed by the 
bending backwards of the margins of the epiglottis, which are not so 
much pulled back by the so-called aryepiglottic muscle as pushed back- 
wards by the pressure of the subhyoid fat. As the arytenoids are 
approximated they glide upwards on the cricoid articular surfaces 
_ so that, standing at a higher level, they more easily reach over into 
contact with the epiglottis. The entire larynx, dragging with it the 
trachea, is drawn upwards and forwards under cover of the base of the 
tongue and away from the vertebral column, so that the upper end of the 
gullet is opened up. The base of the epiglottis is engaged bétween the 
rest of the larynx and the base of the tongue, and the epiglottis being 
pressed, and, where there is a hyo-epiglottic muscle, pulled, against the 
tongue, the glosso-epiglottidean fosss are emptied and, as are likewise 
the pyriform sinuses, obliterated. The bolus glides from the tongue to 
the hollow laryngeal surface of the epiglottis, over which it passes for a 
certain distance and then passes on to the back of the arytenoids, and 
then into the gullet over the back of the lamina of the cricoid. 
According to the foregoing account, the moveable flap consists of the 
arytenoids enclosed within their mucous membrane and moving forwards 
when the larynx is closed: by the old account it was the epiglottis 
moving backwards. This arytenoid flap or valve, by its movement 
forwards, both closes the air-passage and helps to open the food 
passage: by its return it opens the larynx and helps to close the 
esophagus, However the epiglottis in the older theory might close 
or open the larynx, it had no stated influence on the gullet, but by the © 
newer account one valve affects the two passages simultaneously. These 
two passages in deglutition are never open together, for when the gullet 
is open the larynx must be shut, but when the gullet is shut the larynx 
may be either open, as it is at rest, or shut, as it may be 7 or 
during forced efforts, as now falls to be shown. 
_ Up to a certain point the foregoing account of the dumaie of the 
larynx in deglutition, applies also to its closure voluntarily and as part 
of a forced effort, but in both the latter cases the upwards and forwards 
movement of the whole larynx is very much more restricted than in 
deglutition, where the great movement of the larynx away from the 
PH. XXXV. 29 
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_ vertebral column and posteriorpharyngeal wall is primarily in order to 
open the gullet. The gullet is thus opened by the forwards movement 
of the arytenoid flap and then by that of the whole larynx. The larynx 
is closed first by the forwards movement of the arytenoid flap and only 
secondarily by the forwards and upwards movement of the whole larynx, 
which latter movement is but little marked in closure of the larynx apart — 
from deglutition. It is permissible to say that the closing and opening 
of the larynx is always primarily the concern of the arytenoid flap, 
while the opening of the gullet is the concern first of the arytenoid flap 
and then of the movement of the whole larynx away from the vertebral 
column. In other words, the movement of the whole larynx forwards 
and upwards i is more directly concerned with, and has more to do with, 
the opening of the gullet than with the closing of the larynx. 
Experiments upon animals. I have repeated the experiments of 
Kanthack and Anderson ®, using the same animals, viz. the dog, 
rabbit, goat and cat, and carefully observing the conditions laid down by 
them, but I have not obtained the same results as they did. I have got 
just the results obtained before and as detailed in my paper. After the 
animals had been anzsthetised an incision was made laterally in the 
neck and the pharynx exposed and opened. I was most careful to— 
disturb the relations of parts as little as possible, and to observe the act 
of swallowing in various positions, including the flexed position which 
they prescribe, and also with the head unbound and free in every 
_ way. In no case was closure of the larynx effected otherwise than I have 
described. A tube being inserted into the trachea, on blowing air — 
up through the larynx, the closure of the latter could be accurately 
tested as detailed in my previous paper (there, however, the air was 
sucked down, not blown upwards). In this way I found that in the acts 
of deglutition observed, closure of the larynx was complete, and that when 
the larynx was held down, so that the arytenoids did not come into con- 
tact with the epiglottis, closure was never effected, and there was no 
movement of the epiglottis as if to come down when the larynx failed to 
come up, In a cat experimented on, while one arytenoid moved freely, 
the other was paralysed and the air stream was never quite stopped in 
deglutition, When one end of a thread was passed through the tip of 
the epiglottis, or through the mucosa on its lingual surface, and tied 
there, and its other end brought out through the mouth, the movements 
of the epiglottis could be measured, after all the parts had been replaced 
in their normal position. By this use of the thread there need not really 
be - further operation on the animal, so that there is no. —_— of 
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the parts being normal. It was thus found that when the larynx was 
completely closed in swallowing, the epiglottis moved either not at all or 
very little—nothing like what would be required by the old accounts. 
What movement it had seemed to be passive and entirely bound up with 
the movements of the tongue, &c., as one could also feel very well: with 
the finger through the wound. Moreover, any such movement of the 
epiglottis was as a whole, not a flexion of it. When the thread was 
_ firmly held so as to prevent any downward movement of the epiglottis, 
closure of the larynx was unaffected. In a goat, where there is a typical 
intranarial epiglottis, with the corresponding structural features of the 
_ soft palate, the thread being brought through the mouth and pulled upon 
sufficiently, brought the epiglottis into the mouth in front of the soft 
palate, and yet deglutition seemed to be efficient, at all events the larynx 
was closed, as shown by the stoppage of the air current. On looking into 
the pharynx, the behaviour of the epiglottis was easily seen to be what had 


_ been deduced from the behaviour of the thread as just described. Using 


the old language—the box was seen to move up to the lid, rather than 
the lid down to the box. But the epiglottis could be no lid in the 
ordinary sense. It does not fit the box either in size or in shape, even 
apart from its considerable range of variation in size and shape in 
different animals, at different ages and in different individuals of the — 
same species, where, however, the shape of the entrance to the larynx is 
_ just as constant. Further, the margins of the opening which the epiglottis 
has been assumed to close are irregular : is it not reasonable to suppose 
that a forcible contact established every time we swallow would result in 
some moulding of its surface? And yet there is nothing of the sort, no 
projection, depression or groove on the under surface of the epiglottis. 
As I further pointed out, it is impossible to note the great variety of 
form, dimensions, consistency, &c. in epiglottides without coming to the 
conclusion that this organ may have different functions in different 
animals and more than one function in the same animal. Take the case 
of the long intranarial epiglottis, ¢.g. of the horse ; it is as impossible 
that it should conduct the bolus in the way I have described in the case 
of man, as it is that it should fold down like a lid, and it is absurdly long 
if its main function is merely to direct the secretions into the pyriform 
fosse (Renshaw), In my experiments one could see that during the 
act of deglutition a very large portion of the laryngeal surface of the 
epiglottis was visible all the time, overhanging altogether beyond the 
larynx, If it should be objected that the phenomena need not be 
29—2 
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the same when a bolus is swallowed as they are when none is swallowed, 
one answer is that in our original observations a bolus was swallowed. 
The extraordinary ease and completeness of closure, and the “fit” of 
all the parts in the deglutition position as I have described it, is most 
striking. One has only to manipulate the fresh larynx to see how easily 
the arytenoids glide, upon pressure being made upon them by the tips 
of the fingers, into the position I have described, to be convinced 
that my description is correct. If, on the other hand, the epiglottis 
is merely pulled down over the larynx, there is no sort of appropriate- 
ness of the parts whatever. Further, the basal portion of the epiglottis — 
has characters and functions quite distinct from those of the apical 
portion. The basal portion (it is unnecessary to differentiate the 
thyro-epiglottic ligament), enclosed within the tissues, is as constant 
in its functions as it is in anatomical characters and relationships. 
It always is concerned in the closure of the larynx. It is the free 
apical portion which varies and it takes no part in the closure of 
the larynx. | 
Longet found that closure of the glottis proper could take place 
during deglutition, even after section of all the motor nerves of the 
larynx, and he ascribed the closure to the inferior constrictor muscle 
of the pharynx pulling the lateral plates of the thyroid cartilage in- 
wards towards the middle line, so that the margins of the glottis 
are pressed together. My experiments, however, show that this can- 
not be the true explanation, for in these the inferior constrictor was 
divided, and yet the closure took place, as shown by the stoppage 
of the air current. Longet also found that deglutition could take 
place after a pincette had been inserted into the glottis to hold it 
open, This is in entire harmony with my account, for the arytenoids 
would still come forwards to close the entrance to the larynx. 
Kanthack and Anderson quote Luschka to show that he was 
aware of the possibility of the closure of the larynx by the action of — 
the plicw aryepiglottics and constrictors of the vestibule, but Luschka 
expressly said that this was a new state of affairs gradually developed to 
meet new conditions, and many other passages make it quite clear that 
he regarded depression of the epiglottis as the normal. For instance, 
speaking on page 30 (loc. cit.) of cases of destruction of the apical 
portion of the epiglottis, he writes: “Accordingly we are probably 
entitled to assume that the accommodation to such changed conditions 
may only gradually be developed, and that, apparently, by the con- 
strictors of the vestibule of the larynx, to be described later on, 
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requiring practice continued through a considerable time’ in order to 
attain the strength required to bring about the approximation of the 
side walls.” Thus it is quite clear that this is not intended to be a 
description of the normal closure of the larynx. 
| | The experiments of Kanthack and Anderson upon themselves. 
I do not think that these are of decisive value. They only show 
that during deglutition the epiglottis is moved, not that it is moved 
independently of the tongue. When the volar surface of the finger is 
placed on the laryngeal surface of the epiglottis and swallowing is per- 
formed, the epiglottis may very easily glide from under the finger, which 
will, upon the return of the parts to rest, be found between the epiglottis 
and the tongue. Then, again, if the finger be placed nearer the base of 
the epiglottis it feels the epiglottis as if it folded over, but this is only 
apparent, it is due to the larynx going up under the epiglottic base and 
to the pressure of the tongue on the upper surface of the epiglottis. 
Further, it naturally requires an effort and produces a sense of strain to 
apply the epiglottis by the pressure of the finger forcibly against the base 
of the tongue—that is not its natural position when the parts are at rest, 
for it stands somewhat away from the tongue. Moreover, as Eykman® 
points out, Albinus, by exactly the same method, probably came to the 
conclusion that the epiglottis remains vertical during deglutition, and, 
indeed, Albinus seems really to have properly understood the closure 
of the larynx as a whole during deglutition, though perhaps not with the 
precision and fulness of Czermak. 

Kanthack and Anderson say that violent retching followed toueh- ‘ 
ing the laryngeal surface of the epiglottis, and argue from this, that it is 
extremely unlikely that the bolus normally touches this surface on its 
way down. But is it not a fact that, while touching the throat with the 
finger, &c. excites retching and vomiting, the very same surface touched 

_ by the bolus excites deglutition ? The laryngeal surface of the epiglottis, 
then, would only be precisely in the same position—touched by the 
finger it excites to reflex retching, &c., touched by the food it continues 
the reflex excitation of the act of swallowing. 

‘The epithelium on the laryngeal surface of the epiglottis. I advanced 
the presence of squamous epithelium on this surface in support of my 
views. Kanthack® ™, on the other hand, asserted that under strictly 
normal conditions this epithelium is of the columnar ciliated type, though 
at times it may become squamous, or may have islets of squamous 
epithelium here and there. 

After again histologically examining the epiglottis most carefully, 
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I see no reason for departing from the ordinarily received accounts, 
and my description of the relation of the epiglottis to swallowing is 
in entire accord with the distribution of the epithelium on its surface ; 
where there is mechanical pressure there is stratified squamous epi- 
thelium. 

The presence of taste-buds on the laryngeal surface of the epiglottis. 
The presence of taste-buds, indicating that taste sensations might start 
from the laryngeal surface of the epiglottis, was given by me as presump- 
tive evidence that the bolus comes into contact with this surface. 
According to Kanthack the organs resembling taste-buds, which may 
be seen in some cases on the laryngeal surface of the epiglottis and also 
in the endolaryngeal mucous membrane, are not true .taste-buds, but 
consist simply of columnar epithelium moulded in such a way as to 
resemble buds. | 

After a careful re-examination of the human epiglottis, I cannot 
understand how Kanthack came to the conclusions he did. I have 
seen no papille bounding a bottle-shaped space filled with epithelial 
cells as he describes, The structures in my preparations are typical 
taste-buds, such as one is familiar with in the tongue and elsewhere. 
Retzius™ gives a figure from a Golgi preparation showing the nerve 
fibrils ending between the cells of the very bodies in question, precisely 
as they do in the taste bodies of the tongue, and since it is admitted 
that taste sensations do arise from the larynx, I cannot see any more 
reason to doubt the nature of the bodies in the larynx than there is to 
doubt the nature of those of the tongue. 

The ligamentum jugale cartilaginum Santorini (Luschka). In 
describing this ligament Luschka™ says: “By the confluence of 
ligamentous strands...from the perichondrium of the Santorinian 
cartilages, arises a flat ligament which passes down behind the musc. 
arytenoid trans. to the middle of the upper margin of the cricoid 
lamina, and generally sends fibrous strands to the mucous membrane 
of the pharynx, which prevent excessive displacement of the mucosa 
on the larynx during deglutition. But since these strands are some- 
times wholly absent, it seems to me that this is not the chief object of 
this ligamentous arrangement. Without any doubt its function is to 
preserve the relationships of the Santorinian cartilages, to help their 
return to the position of equilibrium, as soon as that muscular influ- 
ence ceases, which has brought about their mutual separation.” These 
ligaments continue the cornicula, as it were, and bind them backwards 
and downwards and towards each other, as can be seen very well in 
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Luschka, Plate 5, Fig. 12. But a glance at the figure ‘aes that the 
arrangement absolutely fits in with my account of the functions of the 
7 parts. The ligament, holding the corniculum back like the toe of a 
: Turkish. slipper, permits the cartilages to glide down into position 
| on the epiglottis, but prevents it from unbending unduly as it glides 
| The affect of mechanically preventing the forward movement of the 
arytenoids. In Poulet, p. 80, vol. 1, it is recorded: “A needle was — 
found to be fixed obliquely by the eye into the left palato-pharyngeal 
arch, and by the point into the left arytenoid cartilage. Deglutition 
was im possible. ” The. needle manifestly prevented the arytenoids 
from coming forwards, so that the entrance to the larynx could not 
be closed. 

An even more remarkable case is recede by Iredell™, and I copy 
the diagram. A pin lay from before backwards absolutely in the middle 
line of the laryngeal cavity of a girl aged 12 years. There was.no pain 
nor alteration of voice. The point of the pin fairly transfixed the base 
of the epiglottis, the head rested in the fissure between the cartilages of 


Santorini. I am informed by Mr Iredell that swallowing was im- 
possible. The pin could have no great influence on the movements 
of the epiglottis, but would be an effectual block against any forward 
movement of the arytenoid flap and, therefore, swallowing was 
impossible. 
The position of the eprglotirs in choking. It has occurred to me 
that, if the apical portion of the epiglottis normally folds over in de- 
glutition, it would very likely be found fixed in that position in cases of 

_ choking by food and other foreign bodies, but I have found no evidence 
of this. The negative evidence is most valuable, for if the epiglottis is 
found in the vertical position, as is shown in Walsham's Surgery™, 
Fig. 139 (preparation No. 1660a in St Bartholomew's Hospital Museum), 
it is in favour of the vertical position in normal deglutition, while if it were 

found in the folded position, that might still be due to the foreign body 
having pushed it down. Poulet details many cases of foreign bodies 
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in and about the larynx, but in no case is it stated that the. epiglottis 
was found depressed, but on the other hand, in a number of cases it is 
described as having been found erect. Poulet is, of course, dominated 
by the older theory with regard to the epiglottis, and thus he comes 
to say (vol. u, p. 31): “Dupuytren’s Museum contains two. curious 
specimens, in which enormous objects have obstructed the larynx by 
lifting up the epiglottis.” Really, however, the epiglottides were just 
fixed in their natural position during deglutition. Further, at Guy's 
- Hospital Museum Dr John Fawcett kindly let me see a prepara- 
tion which to my mind is conclusive. It was taken from a man 
who died of choking after a meal. At the autopsy, Dr Newton 
Pitt found a piece of meat 3 in. long, 4 in. thick, 14 in. broad above 
and 2 in, broad below, with the small end wedged into the larynx, 
completely occluding it; the epiglottis was erect. It is expressly 
recorded that the parts are mounted -just as they were found at the 
autopsy. 

The phenomena of vomiting. If the epiglottis closed the larynx in a 
lid-like way, is it not likely that vomited matter, if at all solid, would 
push up the lid and open the box? So far as I know this does not 
happen, and by my account of the closure of the larynx it is obvious 
why it should not. 

The method of passing the stomach tube. The facts that when passing 
the tube in animals the operation is much facilitated by an act of 
swallowing, and that in the case of man the surgeon directs the patient 
- to swallow, support my views. In swallowing, the entire larynx is carried 
upwards and forwards away from the vertebral column and from the 
posterior pharyngeal wall, but in addition to this, the arytenoids, en- 
closed in the mucous membrane, my “arytenoid flap,” come forwards, so 
as at once to open the wide upper end of the “ food-funnel” and to close 
that of the “air-funnel” (A. S.). Thus the narrow transverse chink 
which constitutes the entrance to the gullet when at rest is converted 
into the wide opening of the food-funnel, and so the food or tube passes 
easily and safely into the gullet. Schreiber™ only refers to the 
movement of the entire larynx. 

Injury of the posterior surface of the epiglottis. Russell Nolan™ 
records that a gentleman “felt something stick sharply in his throat” 
while eating fruit. There was a wound on the posterior surface of the 
epiglottis, almost at the tip, half the size of a threepenny piece, as if the 
mucosa “had been neatly shaved off by some sharp edge.” This had 
been a part of the core apparently. Had the lid theory been correct, 
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one would have expected the wound to be on he anterior surface 
of the epiglottis. 

Present condition of the subject of the original sdnetiationé of: 
MacOormick and myself. This man is still alive, remains in perfect 
health and is in much the same condition as he was when we «wrote 
about fifteen years ago. This, with the reasons we gave in our paper™, 
is strong evidence in favour of the process of oe as we described 
it in him being normal. 


‘Tae GLOSSO-EPIGLOTTIC FOSS. | 

‘Renshaw attempts to show “That the only function performed by 
the epiglottis during deglutition is to act as a slight lateral protection to — 
the glottis. That the main function of the epiglottis is to’ prevent the 
secretions of the upper air passages, &c., from entering the larynx when 
in a state of rest. By its means the secretions are deflected into 
the pyriform fosse and so find their way into the csophagus.” He, 
however, accepts my account of the closure of the larynx and his 
diagrams more or less represent the position as I have described it, 
but he says that while my account tells correctly what the epiglottis 
does-not do, it fails to tell what it does do. From this I infer that he 


had not read the two more extended ®® of my three publications®*” 


on the subject, and indeed, only one is given in his list of refer- 
ences. In my account I make a clear distinction between the basal and 
the apical portions of the epiglottis. In deglutition it is only the. base 
_ of the epiglottis which is engaged between the base of the tongue and 
the larynx; the distal portion does not fold down as a lid, but is applied 
to the posterior part of the back of the tongue, so that the hollow laryngeal . 
surface of the epiglottis continues backwards the surface over which the 
bolus glides. Thus the bolus has less chance of getting between the 
epiglottis and the tongue, where there would otherwise be an incon- 
venient open angle in which food particles would lodge and give rise to 
irritation. Asa matter of fact that this does sometimes happen is a 
common experience, but it would constantly happen if the doctrine of 
_ the lid-like action of the epiglottis were true. I also point out that by 
the same arrangement is avoided a most awkward angle, around which 
the bolus would have to pass just as it entered the gullet. 

With respect to what Renshaw regards as the main function of the 
epiglottis, the deflection of secretions into the pyriform fosse, this is what 
Tourtual, Schiff and others suggested many years ago. Schiff 
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says that small portions of liquid flow into the sinus pyriformes, whence _ 
they readily reflexly evoke a final act of deglutition. These fosse, 
however, are sloping, so that liquids cannot collect. there, and therefore 
if they discharge the reflex from the pyriform fosse they must do so 
without collecting, but just in their passage downwards and outwards to 
the lower part of the pharynx. But the secretions are always so passing, 
more or less, and yet we are not always swallowing. In my opinion 
Schiff is right in perceiving that there must be some place from which 
the reflex is discharged, but mistaken as to the identity of the place. 
Probably this place is not low down in the pharynx, but high up as it is 
normally: probably it is the glosso-epiglottidean fosse, the position and 
characters of which are in every way suitable, Here the afferent nerves 
are prone to excite deglutition, and in these fosse part of the secretions 
from the mouth, nose and naso-pharynx collect, until in sufficient amount 
to justi ify and require swallowing: then the epiglottis is pressed against 
the tongue and the fosse and the entire pharynx are emptied of their 
collections. Thus the glosso-epiglottidean fossw act as sentinels, an- 
nouncing the need for the getting rid of the secretions of the region 
generally. The comparatively stiff epiglottis, standing a Bittle way 
from the base of the tongue, keeps the fosse open. 


of. 


Fig. 2, 


There is no structural necessity for the existence of the glosso- 
epiglottidean fossw ; they look as if they were special structures which 
should have a function. On the other hand, the pyriform fosse do arise 
from structural conditions and appear to be no more than the vacant spaces 
left on each side between the wall of the greater tube, the pharynx, and 
that of the lesser tube, the larynx, which lies within it, and it does not 
appear that they should necessarily have any special function. A smaller 
tube being-placed within and on one side of a larger one, there must be 
@ space on each side of the smaller one, between it and the larger: 
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Fig. 2. I therefore fully agree with Luschka, who says, that “their 
existence does not appear to me to be for a specific object, so much 
as the necessary consequence of the spatial relationships, which the 
cavity of the larynx must have to the lateral plate of the thyroid 
cartilage.” In animals which have a long stiff intranarial epiglottis 
the bolus, it is true, must go to one side or other of the epiglottis 
and thus down through the sinus pyriformis, but in man this does not 
happen, as we saw in our original observations. 
_ It is noteworthy that in Eberth’s remarkable case of a woman 
(Luschka™®, p. 29 and Taf. 1, Fig. 6) in whom the distal portion of the 
epiglottis had never been developed, the condition had not given rise to 
any symptom and was discovered only after death. The basal portion 
and the glosso-epiglottidean fosss were well developed and the fosss had 
a distinct posterior wall—thus far, but thus far only, had the epiglottis 
been developed. There were no signs of any morbid process, The 
freedom from symptoms was probably due to the glosso-epiglottidean 
fosse being so well developed. While partial extirpation of the epi- 
glottis, meaning thereby the apical portion, the free portion, is 
followed by no inconvenience, total extirpation is, but here the in- 
tegrity of the fosse is very likely to be impaired, their posterior 
wall injured or destroyed, so that liquids flow down into the larynx, 
except perhaps in the period immediately following the operation, 
when swelling of the parts, as Longet remarks, may take the place 
of the back wall of the fossz. Where the epiglottis has been more or 
less. lost from destructive disease, are we likely to find a healthy mucous 
membrane? It seems to me therefore somewhat dangerous to argue, as 
Renshaw does, from the huskiness and frequent desire to clear the 
throat, so commonly present in these cases, and obviously due to the 
morbid mucosz, &c., that to keep the secretions out of the larynx is the 
main function of the epiglottis. Moreover, it is not huskiness, but 
coughing, as Renshaw himself remarks, that follows the entrance of 
foreign matter into the larynx, and, further, we have just seen that 
the apical portion of the epiglottis may be — wanting and yet 
no inconvenience arise. 


CONCLUSIONS. 


1. During deglutition the larynx is closed by the whole organ, 
dragging with it the trachea, being drawn upwards and forwards 
under cover of the base of the tongue. The epiglottis shows little 
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or no movement: its basal portion is engaged between the rest of 
the larynx and the tongue: its apical portion extends over and 
behind the rest of the larynx, so that its laryngeal surface is quite 
free. The arytenoid cartilages are first apposed to each other and 
somewhat raised, and then together they glide and incline forwards 
into ‘contact’ with the epiglottis. The closure of the larynx is effected 
in this way, whether the. epiglottis is post-oral or post-nasal, for the 
basal portion of the organ is very constant in structure and function, 
variations being practically confined to the apical portion. 

In closure voluntarily and during forced efforts, the forwards and 
somal movement of the larynx as a whole is much more restricted, 
for then the gullet is not to be opened. : 
_ 2. When, in deglutition, closure is not effected, owing to the Steen 
being held down, the epiglottis shows no disposition to come down as if 
to close the larynx vicariously. 

3. What slight movements the epiglottis has seem to be passive, 
bound up mainly with those of the tongue, hyoid bone and the rest of 
the larynx. 

- 4 The’ distribution of the stratified squamous epithelium on the 
epiglottis is just what is required by my description of the process 
of deglutition: as the bolus glides over the laryngeal surface of the 
epiglottis it need not touch the whole of that surface, but only the 
marginal part. | 

_ § The taste-buds on the laryngeal surface of the epiglottis are 
true taste-bodies, not mere collections of ordinary epithelial cells. 

6. The glosso-epiglottidean fosse are sentinels for the need of — 
emptying the passages of secretions from the nose, naso-pharynx and 
base of the tongue. The free part of the epiglottis prevents these 
secretions from flowing into the laryngeal cavity: they collect in the 
glosso-epiglottidean fossee until, these being full, a reflex act of 
_ swallowing is evoked from the fossw, the fossa are emptied and the 

‘passages are cleared. Some symptoms attending loss of the epiglottis 
may be due to infraction of the integrity of the poster-wall of the 
glosso-epiglottidean fosse. 
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THE REGENERATION OF POST-GANGLIONIC VASO- 
CONSTRICTOR NERVES. Part II. By BASIL 
KILVINGTON anp W. A. OSBORNE. 


(From the Physiological Laboratory, University of Melbourne.) 


Object of the research. That regeneration can take place in post-— 
ganglionic nerves has been shown by investigators, but up to the present 
no data have been given as to the minimum time required. Tuckett' 
found that the pupillo-dilator nerves in the anterior strands of the 
superior cervical ganglion of the rabbit were regenerated 259 days after 
section, and Langley* was able to note recovery of the same fibres in 
the cat after 133 days. The object of the present research was to 
determine by a series of experiments the minimum time required for 
the regeneration of the post-ganglionic vaso-constrictor fibres in the 
dog’s sciatic. : 
Methods. The sciatic nerve was divided in the anzsthetised animal 
under strict aseptic precautions and the cut ends sutured with chroma- 
cised catgut. In all cases but one, the point of section was about the 
middle of the thigh, The edges of the skin wound were brought into 
apposition by interrupted silkworm-gut or horse-hair sutures, and a 
simple dressing of powdered boracic acid was employed. In all the 
cases given below the wound healed by first intention. A leather 
shoe, well padded with cotton wool, was fitted on the foot of the 
operated leg in order to protect it from injury. After a definite 
interval of time, which varied with each animal, vaso-constrictor re- 
generation-was tested for in the manner already described in our first 
communication®; chloroform and ether preceded by morphia being used 
as anzsthetics. Unless otherwise mentioned the intact sciatic was stimu- 


' lated peripherally of the neurome. Sometimes a piston recorder was 


1 This Journal, xrx. p. 297. 1896. 

® See article on the Autonomic Nervous System by Langley in the Ergeb. d. Physiol. 
Zweiter Jahrg. 1. p. 864. 1908. 

This Journal, xxx1v. p. 267. 1906. 
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used instead of a tambour for recording purposes. Two indiarubber 
bags filled with warm water were placed on opposite sides of the 
curarised animal and held in position by a binder. We would draw 
particular attention to this precaution to prevent the animal’s tem- 
perature from falling, for our experience showed that, with only one 
hot-water bag placed close to the animal, vaso-constrictor Kae. 
if slight in amount, might be missed. 


Eaperimental. Exp. I. Carried out 220 days after primary 
operation, 

Stimulation of ‘edtglisasl end of cut sciatic gave marked constriction 
of limb, 

Stimulation of external popliteal gave marked constriction of limb. 

Stimulation of internal popliteal gave constriction of limb but to 
a lesser degree. 


Exp. II. Carried out 212 days after primary operation. 
Stimulation of intact sciatic gave a reflex rise of systemic eed 
pressure and constriction of limb. 


Exp. III. Carried out 205 days after primary operation. 

Stimulation of intact sciatic gave reflex rise of systemic blood- 
pressure and constriction of limb. 

Stimulation of peripheral end of cut sciatic gave constriction of limb 
(Fig. 1). 

Stimalation of each popliteal gave consteiotion of limb. 

Exp. IV. Carried out 191 days after primary operation. : 

Stimulation of intact sciatic gave reflex rise of systemic blood- 
pressure and constriction of limb. 

Stimulation of peripheral end of cut sciatic gave constriction of 
limb (Fig. 2). 

Stimulation of external popliteal gave marked constriction of limb 
(Fig 8). 

Stimulation of internal popliteal gave no constriction of limb (Fig. 4). 

Stimulation of the two popliteals was carried out several times and 
with varying strengths of stimulus, but always with the same positive 
- tesult with the external, and negative result with the internal. The 
internal popliteal it may be added was apparently of normal size. As 
a rule the constriction following stimulation of the internal popliteal is 
much less marked than that following stimulation of the external but 
is easily detected. The interesting result obtained in this experiment’ 
may be explained by assuming that by a happy chance we lit upon a 
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Figs. 8 and 4. 


» 5 


me 
- 
3 
q 
2 
ond 
q 
4 
a 
A 
4 3 
a 
“a 
Ag ad 
an 
a 
> 
By 
¥ 
4 
: 
4 


REGENERATION OF VASO-MOTOR NERVES. 463 


time when vaso-constrictor regeneration was established itis one — 
popliteal and not at all or only very feebly along the other, 


Exp. V. Carried out 185 days after primary operation. 

Stimulation of intact sciatic gave reflex rise of systemic blood- | 
pressure and dilatation (passive) of limb. 
- Stimulation of peripheral end of cut sciatic gave no alteration in 
volume. of limb. 

Stimulation of external popliteal gave no alteration in volume of 
limb. 

Stimulation of internal popliteal gave no alteration in volume of limb, 

The last three stimulations were repeated with varying strengths of 
current and with the same negative result. The sciatic and popliteals 
were apparently of normal size. 


Exp. VI. Carried out 180 days after primary operation. 

_ §timulation of central end of anterior crural nerve on opposite side 
gave marked reflex rise of systemic blood pressure and dilatation 
(passive) of limb. | 

Stimulation of peripheral sciatic gave no alteration in volume of limb. 
Stimulation of external and internal popliteals gave no alteration in 
volume of limb, Stimulations were repeated with varying strengths of 
current and with the same negative result. The sciatic and — 
were of normal size. 


Exp. VII. Carried out 169 days after primary operation. 

Stimulation of central ia of cut sciatic ea reflex rise of ayriemic 
blood-pressure. 

Stimulation of peripheral end of sciatic gave no alteration in volume 
of limb. The sciatic and popliteals were of normal size. 

Exp. VIII. Carried out 161 days after primary operation. In this 
case the sciatic had been cut much lower down—in the popliteal space. 
An extremely sensitive piston recorder was used. 

Stimulation of peripheral end of the cut sciatic gave rise to peculiar 
results, On the first stimulation a distinct dilatation of the limb occurred 
which, as the record shows (Fig. 5), cannot be explained by muscular 
action (moreover the animal was curarised) nor by passive change due 
to alteration in systemic blood-pressure. The result suggests the 
presence of vaso-dilator fibres, but we did not observe any indication 
of the existence of such fibres in Exps. VI. - VII. made under similar 
conditions, 

With two later stimulations a fall in limb volume was obtained 
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(Figs. 6 and 7). It is generally admitted that the date of regeneration is 

earlier the shorter the tract of nerve which has to undergo regeneration. 

The fact probably accounts for the comparatively early appearance of 
vaso-constriction in this experiment. 


~ Figs. 5, 6 and 7. 


CONCLUSION. 


When the sciatic nerve of the dog is divided in the mid-femoral region 
and immediately sutured, complete regeneration of vaso-constrictor nerves 
need not be expected prior to the 205th day. 


Part of the expenses of this research have been defrayed by a grant to one of us 
(W. A. 0.) from the Government Grant Committee of the Royal Society. 
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CHOLINE IN CEREBRO-SPINAL FLUID. By OTTO 
ROSENHEIM, PhD, Lecturer on Chemical ee 
King's College, London. 


(From the Physiological Laboratory, King College, London) 


AxnouT a year ago I described' several new tests by means of which the 
existence of choline may be demonstrated in physiological’ fluids, 
notwithstanding the presence of potassium or ammonium salts, The 
experiments then described were performed with such fluids as blood to 
_ which small quantities of choline had been added. Since then I have 
had the opportunity of examining fluids (mainly cerebro-spinal fluid) 
removed from cases of nervous disease, and of applying these tests to 
them. I have to thank Dr Mott for sending these fluids to me from 
Claybury Asylum and Charing Cross Hospital. 

The general result of this investigation has been to show that 
choline exists in the cerebro-spinal fluid and blood in certain cases of 
nervous degeneration and that it is absent in cases where the disease is 
“functional” or quiescent. This was first stated to be the case by 
Halliburton and Mott, and has since been confirmed by Donath and 
numerous other investigators, although on the other hand the results" 
have been questioned by some writers, The methods employed by 
Halliburton and Mott are not quite so conclusive as those I have 
introduced; now, however, that we are provided with absolutely 
trustworthy methods, their original conclusions may be regarded as 
definitively established. 

In applying these tests to cerebro-spinal fluid in pathological cases, 
it has been found that the periodide test, the most char&cteristic of all 
the reactions, can be considerably simplified. The test originally 
consisted in applying a strong solution of iodine in potassium iodide to 
the crystalline mixture of the platinum salts of choline, potassium, and 
ammonium as obtained in the usual way by extraction of the physio- 
logical fluid with alcohol, and the subsequent addition of platinum 


1 This Journal, xxx, p. 220. 1905. 
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chloride to the extract; the platino-chloride of potassium and 
ammonium remain unchanged by the action of iodine, but the platino- 
chloride of choline undergoes a change which can be watched under the 
microscope: the yellow crystals dissolve and are replaced by the brown 
hemin-like crystals of choline periodide. 

I have found that without interference with the delicacy of the — 
reaction, the somewhat troublesome isolation and purification of the 
platinum salts can be avoided; the addition of the iodine solution to a 
little of the residue of the aloobolin extract (as prepared for the preci- 
pitation of the platinum salt) is followed by the appearance of the 
characteristic crystals of choline periodide. 

The number of cases of pathological cerebro-spinal fluid I have 
examined is fifteen. In every case the preparation of the platinum salt 
was attempted, but success only occurred in those cases in which the 
simplified periodide test had given a positive result. If choline was 
found by this test, its presence was confirmed by the bismuth test’, 
if the amount of alcoholic extract was sufficient. 

In those cases where the platinum salt was isolated its double 
refraction and chromatic polarisation were observed under the polarisa- 
tion-microscope as described by Donath’; finally its change under the 
influence of iodine and the formation of the periodide crystals were 
observed. 

The following are micro-photographs of the appearances observed 
in a typical positive case (Case Al in subsequent list). 


Fig. 1. Choline’ periodide Fig. 2. Platino-chlordee Fig. 8. The same prepara- 
from alcoholic extract of of choline and potassium tion in dark field of polar. 
cerebro-spinal fluid, from same finid. ising microscope. 


Fig. 1 shows the crystals of choline periodide obtained by the 


simplified method just described. Fig. 2 shows the mixture of platino- 


1 loc, cit. 
* This Journal, xxxm. p. 211, 1905. 


3 
thd 
x! 
DS Ke 
D3 
“a 
‘4 
4 
add 
Ags 
a 
DS 
q 
a 
Pa” 
A 
A, 
4 
4 
OS 
a 
“a 
war 


CHOLINE IN CEREBRO-SPINAL FLUID. 467 


chlorides of choline and potassium; in this specimen crystallisation was 
carried out from an aqueous solution, and the choline salt has come 
down in the form of needles, instead of the octahedra usually obtained 
when a 15 per cent. solution of alcohol is employed as the solvent. 
_ Fig. 3 shows the appearance of the same specimen in the dark field 
of the polarising microscope; the choline platino-chloride crystals are 
bright, but the smaller crystals of the potassium salt have disappeared 
from view. Finally, by the addition of iodine solution to the crystals of 


the platino-chloride, crystals were obtained identical in —_— 
with those shown in Fig. 1. 


A. Choline present. 
fluid received Brief description of disease 
50 c.c. ‘Recent hemorrhage in inturnal capsule with softening around. 
80 ,, General paralysis with patches of atrophy and softening. 
25 ,, General paralysis; death after 40 to 50 seizures. . 
20 ,, Juvenile general paralysis. 
28 ,, General paralysis. 


B. Choline absent. 
C.c. Post-basic meningitis. 
Tubercular meningitis. 
re General paralysis ; death from strangulation of small intestine. 
“ General paralysis ; death from broncho-pneumonia. 
General paralysis ; death from asphyxia due to hemorrhage with 
trachea. 
Melancholia ; senile dementia ; zoster. 


oc aon 


The five cases where choline was present are of such a nature as 
would lead one to anticipate that result. 

Of the remainder, four (Nos. B6, 7, 8 and 9) are cases of so-called 
functional disorder; and three are cases of general paralysis in which 
the disease was He GEER and death occurred from intercurrent causes. 
Tn all such cases one would not expect choline to be discoverable. 

The table also contains two cases of meningitis. Gumprecht' 
described choline in the cérebro-spinal fluid in this disease, but the tests 
he employed were not of the same trustworthy nature as those now 
employed. So far as any conclusion drawn from two cases is possible, 


1 Verhandl. d. Congr. fiir innere med, Wiesbaden, p. 326. 1900. 
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inflamed of the meninges does not necessarily cause any noteworthy 
changes in the underlying cerebral matter. 

The negative result in the one case of herpes zoster (shingles) 
mentioned agrees with O. Griinbaum’s’ observations that the small 


amount of degeneration this condition produces is insufficient to lead to 


any detectable quantity of choline in the circulating fluids. 
In all cases the cerebro-spinal fluid was removed within a few hours 
of death. In addition to the cerebro-spinal fluids Dr Mott has also 
given me the opportunity of examining four specimens of blood removed 


- for remedial purposes during life by venesection. They are as 
follows :— 


Case Description of case Choline 
1 2c. Dementia with hemiplegia of 6 months standing Absent. 
2: By Last stage of general paralysis ; very few seizures Absent. 
Last stage of general paralysis Absent. 
Diagnosed as organic dementia, but accom panied 


by many seizures Present. 


The amount of blood sent for analysis was very small for the purpose, 
but the single positive case recorded is quite sufficient to confirm the 
statement of Halliburton and Mott that the products of nervous 
breakdown pass into the blood. In the three cases where the result was 
negative, one would hardly have expected to find choline in the blood in 
appreciable quantity. 

Allen* made a number of observations on the blood using a modifi- 
cation of the iodine test, and confirmed the views of Halliburton and 
Mott. 


The question of choline in blood and blood-serum has been recently investigated by 
H. Claude and F. Blanchetiére®, with somewhat contradictory results. In their first 
paper they deny the existence of choline in serum altogether, but in their second they 
admit that organic disease of the nervous system may be a factor leading to increase of 

choline in the blood, although they cannot admit that its presence is specific for such 
diseases. When present they consider it is formed by hydrolysis from lecithin during the 
process of extraction. The cases they investigated are certainly not those where one would 
expect free choline to occur in the blood; they include epilepsy, aphasia, meningitis, 
hysteria, dementia, and hemiplegia. There is apparently no case of recent acute degenera- 
tive disease of the nervous system in their list. The only cases where it was found were 
cases of epilepsy, and then only if acid either hot or cold was used as the extracting agent ; 
the acid they consider to act as the hydrolytic agent which liberates choline from lecithin. 


1 Quoted by Halliburton, Ergeb. d. Physiol. tv. p. 78. 1905. 
® Proc. Physiol. Soc. p. lvi. 1904. This Journal, xxx1. 


XVI Congres des médecine alienistes et neurologistis, Lille, 1905 ; Revue neurol, 1906, 
no. 16; Journ. de Physiol. et Pathol. gén, 1x. p. 87. 1907. , 
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- _In all other eases, they found no choline even after treatment with acid. Their results with 


normal blood strike one as very strange; thus in one horse they found it after treatment 
with acid, but not before ; in another horse it was present both before and after treatment 
with acid, and in a dog it was present before treatment with acid and not after. This they 
attribute to some accidental change or to ferment action occurring in the serum ! 

_. Such results have no bearing upon the work of Mott and Halliburton who never 
employed such hydrolytic agents as acid in their search for choline. Still less have they 
any bearing on work done in connection with cerebro-spinal fluid, in which not only was 
no acid employed, but in which also there are no corpuscular elements in sufficient amount 
to serve as a possible source of lecithin. 

_ These observers tried Donath’s modification of the iodine reaction, but only got 
should add here that lecithin does not give the periodide reaction. 


In some cerebro-spinal fluids examined there was evidence of the 
presence of other bases in addition to choline. In certain cases some of 
the crystals of the platinum salts on treatment with iodine yielded no 
periodide crystals, and yet they were doubly refracting and therefore 
could not have consisted of platino-chlorides of ammonium or potassium. 
_ In other cases treatment of the platinum crystals with iodine led to the 
appearance not only of periodide of choline, but also of crystals in 
small quantities which are different from those of choline periodide. 
Their isolation and identification was, however, out of the question with 
such small amounts of material. Under these circumstances it seemed 
desirable to attempt their identification by indirect means. Lecithin 
(and probably Thudichum’s “sphingomyelin”) must no doubt be 
regarded as the source of choline in cerebro-spinal fluid. But in the 
present state of our knowledge of the chemistry of nerve-degeneration, 
we have no reason to assume that lecithin is the only constituent of the 
nervous tissues which undergoes decomposition; indeed we should 
expect that many other constituents would also be broken up. Lecithin 
is only a type of numerous phosphatides, but as it is probably the most 
abundant, and certainly the one of which we have most knowledge, 
attention has naturally been directed mainly to its decomposition 
products. We, however, know that kephalin, another of the cerebral 
phosphatides, and phrenosin (cerebrin, cerebron), the best known of the 
phosphorus-free constituents of nervous matter, yield bases on decom- 
position. According to Thudichum’s observations’ it is probable that 
_ @ base corresponding to mono- or dimethyl-oxy-ethyl-amine is formed by 
the hydrolysis of kephalin, and this has been confirmed to a certain 
extent by W.Koch*. I therefore examined these bases i in order to see 


Die Chem. Constitution des Gehirns, Tiibingen, 1901. 
2 Zeitschr. f. physiol. Chem, xxxvi. p. 134. 1902. 
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if thoy formed additive compounds of a crystalline nature with iodine. £ 
Dimethyl-oxy-ethyl-amine was prepared synthetically from dimethyl 4 
amine and ethylene chlorhydrin'. It was found, however, that neither if 
the hydrochloride nor the platinum salt of the base gave rise to any : 
crystalline iodide similar to those obtained from cerebro-spinal fluid. 
The base called “sphingosin” by Thudichum was prepared by acid 
hydrolysis from a sample of fairly pure phrenosin from human brain. It* | 
was isolated as a hydrochloride and purified by repeated crystallisation 
from alcohol. The result’ of its examination with iodine was also 
negative. The close Telationship of choline to betaine and neurine led 
me to similarly examine the latter bases, and here, although crystalline : 
periodides were obtained, they were evidently different from those I was 4 
attempting to identify in the cerebro-spinal fluid. I have therefore as 
yet been unable to identify any other base in these cases of pathological s 
cerebro-spinal fluid besides choline. _ 2 
It was noticed in all the cases where the presence of choline was ‘! 
demonstrated in cerebro-spinal fluid, that relatively large amounts of 
potassium could also be obtained from the alcoholic extracts, whereas _ 
those cases in which choline was absent yielded very little of the 
potassium platino-chloride. Macallum? has by his micro-chemical 
researches demonstrated the existence of potassium in the histological 
elements of nervous tissue, and Macdonald? attributes great functional 
importance to the presence of potassium compounds; these are present 
in very large quantities. He has further shown that in nerve fibres, it 
is not until injury of the axis cylinder takes place that the potassium is 
liberated in a form that renders its detection possible by inorganic 
reagents, It therefore appears possible that the potassium is normally 
present in organic combination. Be that as it may, the increase of 
potassium in the products of nervous decomposition is a noteworthy fact ; 
and in conjunction with Dr Mott I am engaged in investigating the 
increase of potassium quantitatively in the cerebro-spinal fluid of cases 
of nerve-degeneration. Professor Halliburton informs me that he has 
again looked through those of his older preparations of the platino- 
chloride crystals which he has kept, and which were obtained mainly __ 
from the blood of patients suffering from various forms of nervous : 
degenerative disease. The large total yield of crystals from the blood in : 
such cases stands in striking contrast to the small yield obtained from : 
1 Ladenburg, Ber. d. deutsch. chem. Gesellsch. x1v. 2408. 1881. 


* Proc, Royal Soc, 77 B. p. 165. 1906. 
* Proc. Royal Soc. 76 B. p. 322. 1905; 97 B. p. 12. 1907. 
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normal blood, or the blood of patients in which no disintegration of 
nervous tissues had occurred. In the light of recent work there is no 
doubt that such crystals do not consist entirely of the choline platino- 
chloride as at first he and Mott considered to be the case. In some of 
their preparations, he has found that many of the crystals do not yield 
the characteristic choline periodide, and so presumably they consist of 
inorganic and especially potassium platino-chloride. A large yield of 
crystals is nevertheless characteristic of extensive nervous disinteyra- 
tion, 

The wide distribution of lecithin in protoplasmic structures has led 
me to search for choline in the extracts of various normal tissues and 
organs. The extracts were made by a process of ether-dialysis, as 
described by Baumstark’, and choline was looked for in the aqueous 
fluid which shortly afterwards had collected beneath the extracted 
organ. The experiments were made with the organs removed directly 
after death. Positive results were obtained with brain (dog, cat, rabbit, 
ox), lung (cat, rabbit), liver (cat, rabbit), spleen and kidney (rabbit). 
No choline was found in the extracts of the heart and in the blood (cat 
and rabbit). Large quantities of choline (isolated and identified as the 
platinum salt) were obtained from the testis (bull). It is possible that 
the choline found might have been to some extent the result of lecithin 
metabolism in the organs mentiened. The very large yield from the 
testis led me to look for choline in the aqueous and alcoholic extracts of 
the fresh organ, but here the result was entirely negative, although 
several kilogrammes of material were employed. It therefore appears 
that in this case choline must have originated by the action of an 
enzyme contained in the organ, which operates notwithstanding treat- 
ment with ether vapour’. The idea that enzyme activity is responsible 
for the breakdown of lecithin is not a new one, the suggestion — 
been made for particular cases — various observers’. 


1 Zeitschr. f. physiol. Chem. 1x. 1885. 

_ *'T. Mochizuki and Y. Kotake (Zeitschr. f. physiol. Chem. xu. p. 165. 1904) also 
found choline among the products of prolonged autolysis of bull's testis. 

Kutscher and Lohmann, Zeitschr. f. physiol. Chem. xxxrx. p. 313. 1903; Schulze 
and Winterstein, ibid, xu. p. 117. 1903; Schultze, ibid. xuvu. p. 505. 1906; Coriat, 
Amer, Journ. of Physiol. x11. p. 353. 1904; Amer. Journ. of Insanity, urx. p. 393. 1903 ; Lx. 
p. 733. 1904; Marinesco, La Presse médicale, p. 105. 1907. 
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SuMMARY. 


1. By the application of new methods which are absolutely 
distinctive, I have confirmed the original statements of Halliburton 
and Mott, that choline is present in the cerebro-spinal fluid of patients 
- suffering from acute degenerative diseases of the nervous system, and 
that its occurrence is a diagnostic mark of such diseases. The few 
experiments I have been able to make with the blood in such cases 
confirm @ similar conclusion in regard to that fluid. 

2. Choline originates mainly from lecithin, but lacithin is ial 
not the only substance which is decomposed in the disintegration of 


nervous tissues; this is indicated by the presence of other bases in such 


pathological specimens of cerebro-spinal fluid as yield choline. These 
other bases have not yet been identified, and the idea that dimethyl- 
oxy-ethyl-amine (from kephalin) or sphingosine (from 
be present, was not established. | 

3. Another marked feature in such cases is a rise in the amount. of 


potassium salts present. These originate from the potassium compounds, 


which have recently been shown to be such important constituents of 
nervous material, Quantitative estimations in relation to this point 
are in progress. 

- 4, Choline is also diseoverable in extracts of many organs and 
tissues where lecithin is present. In these cases, or in some of them at 
any rate, the breakdown of lecithin which leads to the appearance of 
choline is probably accomplished by ferment action. 


I have to acknowledge with thanks financial assistance in carrying out this research 
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I. THE EFFECT OF LOW TEMPERATURES. 


THE action of low temperatures on serum has not been previously 
investigated. If serum be cooled by a mixture of ice and salt the 
whole mass eventually becomes solid. The temperature at which 
solidification takes place depends to a large extent on the quantity of 
electrolytes in the serum. When the frozen mass is allowed to melt 
gradually in a long tube complete resolution takes place. But whereas 
before freezing the colour of the serum was uniform throughout the 
entire length of the tube, after freezing and thawing the depth of colour 
is found to vary in intensity from the top to the bottom. 

At the top of the tube the degree of pigmentation of the fluid 
approximates to that of pure water; in the middle of the tube the 
colour is about the same as that of the original serum; and at the 
bottom of the tube the depth of colour is very great. Throughout the 
entire length of the tube the gradation of colour is uniform. 

Correlated with this variation in pigmentation we find differences 
in the amount of solid contained in the various layers. A series of 
experiments were done to examine the phenomena quantitatively, The 
following is the description of an experiment : | | 
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130 c.c. of serum were frozen in a long tube by means of a mixture of ice and salt. 
After the whole mass had solidified the tube was placed in a room the temperature of 
which was about 15°C. and allowed to melt. When the mass had again become liquid 
the serum was syphoned off in a series of layers. The amount of solid in each of these 
layers was determined. In the following table each layer is indicated by its middle point, 
since the concentration at that point is the mean of all the concentrations in that layer. 

Amount of solid in : 
Middle point 100 c.c. of liquid 
4.0, 1°52 

2°7 

3-7 

4°77 

6°27 

77 

9°06 

10°38 

13°19 

108 13°96 
121 17-08 

Amount of solid in 100 c.c. of original serum=9-4 grams. It may be noted that this 

concentration corresponds to that of the fluid in the middle of the tube. 


These results are shown ‘graphically on Fig. 1. Ordinates represent 
the amount in grams of solid substance contained in 100 c.c. of each 
fraction. Abscisse represent the distance in centimetres of the middle 
of the layer from the top of the column of liquid. 

From this figure we see that after the first three values all the 
points lie on a straight line passing through zero. The increase in 
concentration of the solids after freezing and thawing has taken place 
in a perfectly regular manner. This increase in concentration after 
freezing and thawing is parallel to that which occurs in a solution of an 
electrolyte as sodium chloride after the same procedure. A solution of 
‘75 °/, sodium chloride was frozen by means of a mixture of ice and salt 
and then allowed to melt at room temperature. The resulting liquid 


_ was syphoned off in a series of layers and the amount of sodium chloride 


in each layer determined by a standard solution of silver nitrate. 

The results were obtained : 

Layer—1 2 $ 4 5 
Percentage of NaCl -141 °-435 “690 1:260 

When a solution of sodium chloride is frozen pure water is supposed 
to freeze out until the cryohydrate point for sodium chloride is reached. 
The cryohydrate point for sodium chloride is — 21'85° C. and is reached 
when the solution contains 29°6 = ” weight of the — salt 
in 100 parts of water. | 
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‘In the above experiment the amount of sodium chloride solution 
taken was 100 c.c. and this contained ‘75 grams of salt. Pure water 
therefore should have frozen out until about 2°5 ¢.c. of solution were 
left containing all the sodium chloride. The remaining water and salt 
should have frozen in a uniform mass. | ‘ 


80 100 120" 
Fig. 1. | 

It is is difficult to adasael what occurs on thawing to bring about 
the uniform change in concentration which is observed. But whatever 
the process may be it is exactly parallel to that which occurs when 
frozen serum is allowed to melt, The results of freezing and thawing 
sodium chloride solution must depend upon the depression of the freezing 
_ point by the salt ions present and this depression of the freezing point 
is a function of the molecular weight of the salt. In the case of serum 
the freezing point must be lowered in asimilar manner. __ 

When we consider the size of the proteid molecule it is difficult to 
assume that this substance has any material influence on the freezing 
point. We must assume, therefore, that there is something intimately 
attached to the proteid molecule by virtue of which it can materially 
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affect the freezing poirt. From the uniform increase in concentration 
it may be that the salt molecules present in the serum. exert this effect. 

From the following experiment we see that the salt accumulates in 
the various layers at a rate exactly proportional to the coagulable proteid. 
Serum obtained from a second horse was frozen by means of a salt and 


ice mixture and then allowed to melt gradually. The ratio of the total — 


solid to the coagulable proteid in the various layers was determined. 
The following results were obtained : 


A 

1 1°69 | 1-42 1:19 
2 2°35 2°02 1:17 
3 3°45 2°98 1:16 
4 4°65 401 1:16 
5 6-96 6-03 1:16 
6 i 6 10°03 1-16 


The ratio of the total solid to the coagulable proteid is sufficiently 
constant to justify the conclusion that all the constituents of the serum 
are concentrated in an equal degree by freezing and thawing. The 
_ only place where this law does not hold good is at the top of the column 
of serum, a fact which has been observed in the previous experiment on 
the concentration of total solid after the action of cold. To test this 
conclusion with regard to the uncoagulable solids in the various serum 
fractions the following experiment was done. The amounts of coagulable 
proteid in the various serum fractions were determined. A known 
quantity of the filtrate after the coagulation of each fraction was then 
taken and the amount of solid in it determined after drying at about 
120°C. The solid residues were then ashed by adequate heating in a 
blow pipe flame and again weighed when cool. The results obtained 
are given below. 7 


6°76 gms. 1-34 5-00 ‘61 2-2 
12-29 2°44 5-00 1-26 


18-40 2°86 5-00 1:27 21 


The ratios of the amount of ash to the solid in the filtrates are 
somewhat variable but the variations are not more than may be 
attributed to experimental error when it is considered that only 10 cc. 
. the filtrate were dried down and ashed in each case. 

From the above experiments we may state that when 
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and thawed changes in the concentration of the solids occur in a regular 
manner throughout the whole column of liquid except near the top. 
These changes in concentration affect in an equal manner the coagulable 
proteid, the pigment and the other constituents of serum, so that the 
proportion of these bodies in any fraction remains the same as in the 
original serum. 

These facts are capable of a simple interpretation if we assume that : 
the various constituents of serum form regular systems, the type of 
system depending upon the relative amounts of these constituents 
present. 

The variation from the main law sdaeeiea at the top of the column 
of cooled serum demands the assumption that one or more constituents 
of serum do not enter into the constitution of these systems. 


II. THE EFFECT OF HIGH TEMPERATURES. 


Halliburton has classified the proteids of serum according to the 


temperatures at which they coagulate, __ 
It may be noted that of the three albumen fractions . 


(a) coagulates between 70°C. and 75°C. 
and (8) coagulates between 76°C. and 78° C. 


Only one degree separates the coagulation temperatures of (a) and (8) 
although these two fractions have their coagulation ranges — over 
5° C, and 3°C. respectively. 

In any detailed consideration of the phenomena displayed by serum 
during heat coagulation three factors must be adequately differentiated. 
These are :— 

(i) The action of heat on the proteid. 

(ii) The action of the other constituents of the serum on the | 
proteids under the influence of the increased temperature. 

(iii) The coagulation and precipitation of colloidal solutions by 
electrolytes. 

That heat acts on proteids although no electedighes are present may 
be inferred from the observation that proteid solutions which remain 
clear on heating may be made to coagulate when cooled by adding 
traces of electrolytes. That this action of heat*is assisted by neutral 
salts without the necessary appearance of coagula may be deduced from 
the variable temperatures at which ferments are destroyed when 
dissolved in different solutions of electrolytes. 
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The influence of electrolytes on the precipitation of colloidal solutions 


has been considered bya number of workers. But in a consideration of 
the proteids of serum it is not necessary to work out the actual processes 
concerned in coagulation before any definite evidence of differentiation 
can be obtained. 

If serum be so treated that varying coagulation temperatures are 

found when the conditions are the same, then we may assume that 
fundamental constitutional differences exist in the molecules of the 
original proteids. In the case of fresh horse serum which is only 
slightly alkaline we find that no coagulation occurs until about 80° C. 
_ If this serum be diluted ten times gradual heating to 100° C. produces 
no coagulation. But between 70°C. and 80°C. the liquid becomes very 
opalescent, showing that molecular aggregates have been formed com- 
parable in size to the wave length of light. 

By diluting horse serum to three times its volume with water 
containing *1°/, magnesium chloride it was found that well-defined 
coagula were obtained at different temperatures and that these coagula 
could be filtered off. 

One serum treated in this manner formed filterable coagula at 66° C., 
77°C. and 80°C. The 66°C. coagulation temperature is not common 
to all sera. It was due to some fibrinogen which had not coagulated 
when the blood clotted. Such a serum if left for a few days often 
produces a second clot. 

This serum was heated to 66°C. and kept at this temperature for a 
few minutes. The coagulum was filtered off and the quantity of 
proteids in a portion of the filtrate determined. 

_ The remainder of the filtrate was heated to 77°C. A second well- 
defined coagulum occurred. This was filtered off and the quantity of 
proteid in a portion of the filtrate again determined. 

The remainder of the filtrate was heated to 80°C. and a third 
a formed. The proteid i in the filtrate was again determined. 

On heating the remaining filtrate to 100° C. no further oo. 
occurred although the filtrate contained some proteid. 

_ We have thus evidence of the presence of four proteids in this serum. 
(i) Fibrinogen which at 66° C. 
(ii) Coagulates at 77°C. 
(iii) Coeagulates at 80° C. | 
(iv) Does not coagulate at 100° C. 


The quantities of these proteids contained in 100 c.c. of this serum 
were : 
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Fibrinogen... *13 grams or 1°62 °/, of total proteid. 
Proteid which coagulates at 77°C. 623 ,, 780%, ,, ‘i 
Proteid which coagulates at 80° “44 5°5 ” ” 
Proteid which does not coagulate 12 ” 15°0 *!, ” 


The great bulk of the proteids of serum coagulate therefore at the same | 
temperature. 

It may be noted that the temperature at which fibrinogen coagulates 
is 66°C. This is the usual temperature at which fibrinogen obtained 
from horse plasma coagulates. The fact that 15°/, of the total proteid 
did not coagulate does not indicate that there is a large amount of 
proteid in horse serum which does not coagulate when heated. In the 
average serum the amount of uncoagulable proteid is small and the 
large amount in this case is due probably to the hydrolytic effects 
produced by the other constituents of the serum during the comparatively 
long period in which the serum was heated before 80°C, was reached. 
But the effects of high temperatures on serum are too variable to allow 
any detailed differentiation of its proteid constituents to be thus made. 


Ill. THE INFLUENCE OF ELECTRIC POTENTIALS. 


A constant current was passed through serum by means of non- 
polarisable electrodes—the kaolin and zinc sulphate electrodes of du 
Bois Reymond. The serum was placed in a U tube and the electrodes 
were made of pieces of glass tubing about four inches long of a slightly 
smaller diameter than the U tube. The kaolin was moistened with a 
fluid isotonic with the serum and the kaolin plug in each tube was over an 
inch in length. After the passage of the current for a short time a small 
mass of white matter appeared at the anode. This increased in size so 
that after a time, depending upon the potentials used and the quantity 
of serum electrolyzed, a considerable quantity of solid could be obtained. 
This solid consisted of proteid. It was insoluble in water but soluble in 
dilute acids and alkalies. Pari passu with the accumulation of proteid. 
at the anode water came out at the kathode. The water did not appear 
at the top of the serum but passed through the clay of the electrode into 
the zine sulphate solution. _ , 

’When the resistance of the serum was comparatively small the 
electrolytic proteid (as it may be called) was driven to the anode with 
considerable force and formed a consistent plug. The rate at which 
proteid accumulated at the anode in any experiment was greater the 
more favourable the conditions for the passage of the current. Thus a 
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greater percentage of salt in the sérum or a higher temperature increases 
the effects by lowering the resistance of the serum. In the average 
experiment a constant current with a potential of 100 volts was used. 
The resistance of the serum and electrodes was of the order of a million 
ohms, so that the amount of current passing through the serum was 
about ‘0001 ampéres. 


' In the aboye experiment there are certain phenomena which are 


capable of quantitative determination. 

(a) The relation between the amount of water which passes out at the 
kathode and the amount of electrolytic proteid which appears at the anode. 
The amount of solid in a sample of serum was determined by drying a 
measured volume and weighing it. A constant current was passed 
through this serum for two hours, A considerable amount of electro- 
lytic proteid accumulated at the anode and a large volume of water 
passed out at the kathode. After this time the quantity of solid in a 
known volume of the remaining serum was determined. The following 


results were obtained: 


Solid in 100 c.c. of serum before electrolysis 10°16 grams. 
Therefore after the removal of a considerable quantity of electrolytic 
proteid and water the percentage of solid in the serum remained ap- 
proximately constant, The fact admits of only one explanation—just as 
much water passed out at the kathode as would contain the proteid which 
accumulated at the anode. 

(b) The relation of the quantity of electrolytic proteid produced to 
the quantity of current used. Serum was electrolysed in a U tube and a 
copper voltameter was placed in series with it. The electrolytic proteid 
produced was well washed to free it from the soluble constituents of the 
serum and was then weighed. The amount of copper deposited on the 


kathode of the voltameter was also determined. The following results 
were obtained: 


Electrolytic proteid 3 ‘85 grams. 
Weight of copper on kathode 695 


From the figures the amount of proteid which is equivalent to the 
equivalent weight of copper (63 grams) is 815 grams or the 
equivalent weight of the proteids of the serum electrolyzed was 315. 

(c) The relation of the quantity of electrolytic proteid produced to 
the concentration of proteid in the original serum. Serum was frozen 
and thawed and the resulting solution syphoned off in eight layers. 
The concentration of proteid in these layers was determined, 
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Layer Cong. proteid in 100 
1 4°10 
2 791 
8 10°86 
4 | 15-88 
5 19°66 
The various serum fractions were placed in U tubes and a constant 


current passed through them. A copper voltameter was placed 1 in series 
with each of them. The following results were obtained : | 


Layer Copper depos 63 grams 
1 “413 grams 012 grams 217 
2 1°13 "1105 645 
3 1165 *1315 558 
4 139 0940 885 
5 1°87 490 


It is apparent from these numbers that there is no constant relation 
between the amount of current used and the amount of proteid which 
comes out at the anode. To test this point more rigidly the same 
sample of serum was electrolyzed in four different tubes with a 
voltameter in series with each tube. The following results were 


obtained: 3 
A 2°42 grams “3210 477 
B 3°08 "3565 547 
C 2°38 *2300 654 
D 2-2 “2565 542 


From the above it follows that with the same serum the amount 
of proteid which appears at the anode is not a constant function of the 
amount of current used. The problem then arose as to want the amount 
of electrolytic proteid produced depended upon. 

In the foregoing experiments it was assumed that the proteid came 
out of solution at the anode because it was carried by the electric current 


_ to that pole and there deprived of its electric charge by virtue of which 


it existed in solution. To test the truth of this assumption various forms 
of electrodes were substituted for the zinc sulphate and kaolin elec- 
trodes previously used. The kaolin plug was moistened with a solution 
isotonic with the serum used, and ‘75°/, NaCl solution and platinum 
electrodes were substituted for the zinc sulphate and zinc rods, The 
only place where polarization changes occur is at the entry of the current 
into the ‘75 °/, NaCl solution from the platinum electrodes. The clay 
31—2 


« 
4 
¥ 
a 
ON 
d 


a J. MELLANBY. 


plugs were made sufficiently thick to prevent the chemical changes there 
developed from rapidly diffusing into the serum. The diminution in 
electromotive force due to polarization was neglected since no quantitative 
experiments in terms of the current used were done. 

When a constant current is passed into serum through this form of 
electrode no deposition of insoluble proteid occurs at the anode but a 
certain amount of water passes out at the kathode. 

It may be inferred, therefore, that the deposition of insoluble proteid 
with zine sulphate electrodes is not due to the deprivation of an electric 
charge from the proteid molecules but to the form of electrode used. 
The only essential difference between the sodium chloride and zinc 
sulphate electrodes is the zinc sulphate. It was probable therefore that 
this substance was concerned in the production of the results described 
above. 

The proteids of serum are precipitated by very small quantities of 
zinc sulphate. In one particular experiment ‘1 gram of zinc sulphate 
precipitated the proteid from 10 ¢.c. of serum. But in the zinc sulphate 
electrodes used there was at least an inch of consistent clay intervening 
between the zinc sulphate and serum and it appeared that this clay 
would form a sufficient barrier against the precipitation of the serum by 
the zinc sulphate. The precipitation of proteid by zinc sulphate is as- 
sumed to be due to the formation of a zinc proteate. But there has been 
no adequate proof that the precipitate is not a molecular combination of 
the protéid with the zinc sulphate. From the following experiments it 
is probable that the latter hypothesis is the more correct. A constant 


current was passed into different samples * the same serum through 
various forms of electrodes. 


(a) A zinc sulphate electrode was used at the kathode and a sodium chloride electrode 
at the anode. No deposition of insoluble proteid occurred at the anode. 

(b) A zinc sulphate electrode was used at the anode and a sodium chloride electrode 
at the kathode. Insoluble proteid was deposited at the anode. 

(c) Copper sulphate and copper electrodes were used instead of zinc sulphate and zinc 
electrodes, A deposition of blue insoluble proteid occurred at the anode. 

(d) Ferric chloride and iron electrodes were used instead of zinc sulphate and zinc 
electrodes. teak Mote the anode. 


From these experiments it is evident that the deposition of insoluble 
proteid depends upon : 


(i) The combination of the proteid with the salt of the esi metal 
used in the electrode. 


(ii) The passage of the metallic salt from the anode electrode 
through the kaolin plug into the serum. 
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The effects noted when a constant current is passed into serum 
through zinc sulphate electrodes may have been due to the effect of 
electric potentials on the electrodes only or to a summation of the effects 
on the serum and electrodes, 

To determine the importance of ies factor in the production of 
the experimental results described a series of experiments were done. — 

The influence of electric potentials on various solutions of electrolytes. 
The phenomena of electric endosmose have long been recognized. If a 
constant current is passed through a solution of an electrolyte contained 

in a tube divided into two parts by means of a porous plug there is a 
_ transfer of fluid across the partition. If the experiment be so arranged 
that the fluid transferred through the porous plug develops a hydro- 
static pressure then the flow of liquid will go on until the hydro- 
static pressure is equal to the electromotive force dragging the liquid 
along the tube. To determine the effect of a constant current on a 
saturated solution of zinc sulphate the following experiment was done. 

Normal salt solution was placed in a U tube and a constant 
current was passed into it through zinc sulphate and kaolin elec- 
trodes. There was no apparent change at the anode but fluid passed 
from the U tube through the clay of the kathode into the zinc sulphate 
solution. 

The effects at the kathode metal to those described as due to 
electric endosmose. But there was no apparent reason why the same 
mechanism produced no change at the anode. 

To investigate this point copper and copper sulphate solution were 
substituted for zinc and zinc sulphate solution. The blue colour of the 
copper sulphate solution allowed the effects to be observed more 
accurately. After the current had passed for some time there was no 
apparent diminution in the volume of liquid contained in the anode, but — 
the copper sulphate solution in the kathode was largely diluted by the 
passage of water from the U tube into it. If, however, the kaolin plug 
at the anode were carefully examined it was apparent from the colour 
that the copper sulphate had passed into it, and if the experiment had 
~ been sufficiently prolonged the blue colour could be detected at the top 
of the U tube immediately below the clay of the anode. The clay of 
the kathode was free from blue colour except immediately below the 
copper sulphate solution. From this experiment, therefore, it may be 
concluded that copper sulphate molecules pass through the clay of the 
anode into the fluid in the U tube and that water passes from the U 
tube into the cupper sulphate solution at the kathode. The similarity 
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plugs were made sufficiently thick to prevent the chemical changes there 
developed from rapidly diffusing into the serum. The diminution in 
electromotive force due to polarization was neglected since no quantitative 
experiments in terms of the current used were done. 

When a constant current is passed into serum through this form of 
electrode no deposition of insoluble proteid occurs at the anode but a 
certain amount of water passes out at the kathode. 


It may be inferred, therefore, that the deposition of insoluble proteid 


with zinc sulphate electrodes is not due to the deprivation of an electric 
charge from the proteid molecules but to the form of electrode used. 
The only essential difference between the sodium chloride and zinc 
sulphate electrodes is the zinc sulphate. It was probable therefore that 
this substance was concerned in the production of the results described 
above. 

The proteids of serum are precipitated by very small quantities of 
zinc sulphate. In one particular experiment ‘1 gram of zinc sulphate 
precipitated the proteid from 10 ¢.c. of serum. But in the zinc sulphate 
electrodes used there was at least an inch of consistent clay intervening 
between the zinc sulphate and serum and it appeared that this clay 
would form a sufficient barrier against the precipitation of the serum by 
the zinc sulphate. The precipitation of proteid by zinc sulphate is as- 
sumed to be due to the formation of a zinc proteate. But there has been 
no adequate proof that the precipitate is not a molecular combination of 
the proteid with the zinc sulphate. From the following experiments it 
is probable that the latter hypothesis is the more correct. A constant 


current was passed into different samples * the same serum through 


various forms of electrodes. 


(a) A zinc sulphate electrode was used at the kathode and a sodium chloride electrode 
at the anode. No deposition of insoluble proteid occurred at the anode. 

(b) A zine sulphate electrode was used at the anode and a sodium chloride electrode 
at the kathode. Insoluble proteid was deposited at the anode. 

(c) Copper sulphate and copper electrodes were used instead of zinc sulphate and zinc 
electrodes. A deposition of blue insoluble proteid occurred at the anode. 

(d) Ferric chloride and iron electrodes were used instead of zinc sulphate and zinc 


From these experiments it is evident that the deposition of insoluble 
proteid depends upon : 


(i) The combination of the proteid with the salt of the heavy metal 
used in the electrode. 


through the kaolin plug into the serum. 
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. The effeets noted when a constant current is passed into serum 
through: zine sulphate electrodes may have been due to the effect of 
electric potentials on the electrodes only or to a summation of the effects 
on the serum and electrodes. 

To determine the importance of each factor in the production of 
the expermmental results described a series of experiments were done. 

The influence of electric potentials on various solutions of electrolytes. 
The phenomena. of electric endosmose have long been recognized. If a 
constant current is passed through a solution of an electrolyte contained 
in: a tube divided! into: two: parts. by means of a porous plug there is a 
transfer of fluid across the partition. If the experiment be so arranged 
that the fluid transferred through the porous plug develops a hydro- 
static: pressure then: the flow of liquid will go om until the hydro- 
along the tube. To determine the effect of a constant current on a 

Normal salt. solution was placed in a U tube and a constant 
current was passed inte it through zine sulphate and kaolin elee- 
trodes. There was no apparent change at the anode but fluid passed 
from the U tube through the clay of the kathode into the zinc sulphate 
solution. 

The effects at the kathode corresponded to those described as due to 
mechanism produced no change at the anode. 

To investigate this point copper and copper sulphate solution were 
substituted for zinc and zinc sulphate solution. The blue colour of the — 
copper sulphate solution allowed the effects to be observed more 
accurately, Aifter the current had passed for some time there was no 
apparent diminution in the volume of liquid contained in the anode, but 
the copper sulphate solution in the kathode was largely diluted by the 
passage of water from: the U tube into it. If, however, the kaolin plug 
at the anode were carefully examined it was apparent from the colour 
that the copper sulphate had passed into it, and if the experiment had 
been sufficiently prolonged the blue colour could be detected at the top 
of the U! tube immediately below the clay of the anode, The clay of 
the kathede was free from blue colour except immediately below the 
copper sulphate solution. From this experiment, therefore, it may be 
concluded that copper sulphate molecules pass through the clay of the 
anode: into the fluid in the W tube and that water passes from the U 
tube into the cupper sulphate solution at the kathode. The similarity 
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of the results obtained with zinc sulphate solution justify the extension 
of these conclusions to the interpretation of the effects produced with it. 

The inability of fluid to pass from the zinc sulphate solution of the 
anode through the clay into the U tube is apparently due to the 
blocking of the pores of the clay with molecular aggregates of zinc 
sulphate. 

If normal salt solution and platinum wires be substituted for zinc 
sulphate solution and zinc rods just as much fluid passes from the 
anode into the U tube as passes from the U tube into the kathode. 

Also if unsaturated solutions of zinc sulphate be used a certain 
amount of fluid passes from the anode into the U tube although the 
quantity is never equal to that which passes from the U tube into the 
kathode, 

In our analysis of the effects produced on serum by the passage of 
an electric current into it through zinc sulphate and kaolin electric 
electrodes we have found that the passage of zinc sulphate into the 
serum at the anode and the passage of fluid from the serum at the 
kathode is to some extent due to electric effects on the forms of 
electrodes used. 

To determine the effects due to the electric potentials on the serum 

the following experiments were done. Serum was placed in a U tube 
so as to fill the bottom part of the bend only. A fluid isotonic with it 
was placed above it by means of a fine pipette. This isotonic fluid 
filled the two limbs of the U tube and these were made sufficiently 
long to prevent chemical changes produced at the top of the isotonic 
fluid from quickly diffusing down to the serum. A constant current 
was passed into the U tube by means of platinum wires put into the 
tops of the columns of the isotonic fluid. The isotonic fluid was obtained 
by coagulating a portion of the serum by heat and filtering the resulting 
solution. 
- When a constant current is paaeed into serum in this way the 
proteids of the serum move from the kathode to the anode. The 
transfer of the proteid may be inferred from the passage of the yellow 
colo: of the serum (the constant association of the proteid with the 
pigment has been alluded to above). 

Also the passage of the proteid of the serum may be noted from the 
clear solution left in that portion of the kathode limb of the U tube 
from which the proteids have migrated. The isotonic fluid obtained by 


coagulating the proteids of the serum is epatescant and readily allows 
this clear fluid to be seen. 
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In the previous pages the effect of electric potentials on salt 
solutions and serum have been investigated separately. In the 
following experiments the two factors are combined in such a way 
that the effects of the one on the other may be observed. Serum was 
placed in the bottom of a U tube. Normal salt solution was carefully 
placed above it in the two limbs of the U tube. A constant current 
was passed through the U tube by means of electrodes composed of 
kaolin, normal salt solution and platinum wires. Fluid passed into the 
anode limb of the U tube through the clay of the anode, and 
passed out of the kathode limb through the clay of the kathode. After 
the passage of the current for an liour the result was that the level of 
the normal salt solution in the anode electrode had diminished by 
about half an inch and had correspondingly increased in the kathode 
electrode. The serum was unchanged except that the level of it in the 
kathode limb was raised and in the anode limb lowered. 

_ The effect was investigated for a longer time in an experiment in 


which zinc sulphate and zinc rods were substituted for the sodium 


chloride solution and platinum wires. In the case of the former 
electrodes no acid or alkali is developed and consequently the results 
obtained are not vitiated by the effects produced by these substances 
diffusing into the serum. After the passage of the current in this way 
through serum for about six.hours the following results were noted. 
The level of the zinc sulphate in the anode electrode was unaltered; 
a considerable quantity of fluid had passed from the sodium chloride 
solution in the kathode limb of the U tube through the clay plug of 


the kathode into the zinc sulphate solution with the result that this 


solution was very much diminished in concentration. 

Immediately below the sodium chloride solution in the anode limb 
the top of the serum had a mass of insoluble proteid precipitated upon 
it. The level of the serum in the anode limb had diminished by about 
an inch and the level in the kathode limb had increased by the same 
quantity. 

The column of sodium chloride solution in the anode limb above 
the serum was approximately the same length at the end as at the 
beginning of the experiment ; the length of the column of this solution 
above the serum in the kathode limb of the U tube had diminished by 
about two inches. 

These effects may be readily analysed into their constituent factors. 

- In the anode limb molecules of zinc sulphate passed through the - 
clay of the anode and the intervening salt solution to the serum. The 
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proteids of the serum combined with this zinc sulphate and produced 
an insoluble compound. 

In the kathode limb fluid passed from the salt solution through the 
clay into the kathode electrode. A secondary effect. produced by the 
removal of fluid from the kathode limb was that the whole of the serum 
and the supernatant salt solution in the anode limb travelled towards 
the kathode in order to keep the fluid in the two limbs of the U tube 
at the same level. The effect of the abstraction of fluid from the 
kathode limb of the U tube quite obscured the effect of the constant 
current on the proteids of the serum, namely their migration under this 
influence from the kathode to the anode. | 

The results of this experiment do not support the theory which has 
been put forward to explain the effects of electric endosmose. In this 
theory it is assumed that the flow of fluid through the clay plug is due 
to the development of a difference of potential of about one volt 
between the glass walls of the tube and the layer of the fluid 
immediately adjacent to it. This assumed difference of potential is 


supposed to drag the fluid along the sides of the vessel until this flow 


is counterbalanced by the return flow through the centre of the porous 
plug due to the hydrostatic pressure developed. 

In the above experiment fluid is abstracted only from the salt solution 
immediately below the clay of the kathode. There is no abstraction of 
_ fluid from the serum nor from the layer of salt solution in the anode 
limb of the U tube beyond it. 

From the results obtained from the various experiments in which 
serum and salt solutions we exposed to the influence of electric 
potentials we can now appreciate the events which occur when a 
constant current is passed directly into serum through the zinc 
sulphate and kaolin electrodes of du Bois Reymond. Under the 
influence of the current the proteid of the serum migrates from the 
kathode to the anode and molecules of zinc sulphate pass through the 
clay of the anode. The molecules of zinc sulphate and proteid combine 
and form an insoluble precipitate. The precipitate forms a consistent 
plug owing to the force with which the proteid molecules are driven to 
the anode. 

At the kathode the serum fluid which is left by the migrating 
proteid passes through the clay into the kathode electrode. 3 

A final problem is to what extent the passage of the proteid of the 
serum from the kathode is balanced by the abstraction of fluid from 
that region by the kathode electrode. It has been stated previously 
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Ee that after prolonged electrolysis the constitution of the serum remains 
2 constant and that therefore just as much water must have passed out at 
the kathode electrode as contained the proteid which appeared at the 
anode. 
To test this point more adequately the following experiment was done. 
A constant current was passed into serum through zinc sulphate and kaolin electrodes 
for three hours, At the end of that time the remaining serum was syphoned from the 


U tube in a series of layers. The amount of solid matter and the electrical conductivity 
of these various fractions was determined. The following results were obtained : 


Total solid in A 
Layer 100 c.c, (A) Conductivity (B) B 

1 (kathode) 9°08 grams 000218 241 
2 10°02 000241 240 
3 10-14 000247 | 242 
4 10°16 000247 242 
5. 10°32 000260 245 
6 (anode) 10°5 -000260 247 


From this experiment it is evident that the abstraction of fluid at 
the kathode has not kept pace with the rate at which the proteid 
migrated from it. But if the whole of the serum remaining after 
electrolysis had been mixed there would not have been found much 
evident alteration in concentration. 

The gradual increase in concentration of the proteid from the 
kathode to the anode shows that some proteid constituent of the serum 
moves at a faster rate than the great bulk of the proteid. This proteid © 
with the higher electrical velocity must be present in a very small 
amount since there is a difference of only 4°/, between the layer 
immediately below the kathode and that next to the anode. 

The approximately constant ratio of the conductivity to the total 
solid in. icates that the proteid does not move alone but carries with it 
the electrolytic salts of the serum. This association of salts and proteids 
is probably of the same type as has been noticed in the association of 
pigment and proteid. 

It is remarkable that although fluid is actively extracted at the 
kathode, yet in no experiment in which serum was directly electrolyzed 
through zinc sulphate and kaolin electrodes has an accumulation of 
proteid at the kathode been noticed. Either the proteid must always 
fe travel from the kathode to the anode at a rate at least equal to the rate 
. of withdrawal of water through the kathode or the withdrawal of water 
os must be actively controlled by the proteid and solution, The tendency 
of serum to remain of constant composition after the prolonged passage 
of a cunstant current indicates the truth of this latter supposition. 
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IV. ‘THE CONDUCTIVITY. 


In the previous pages the properties of the proteids of serum have 
_ been the main subject of consideration. But serum contains in addition 
_ to proteids about one per cent. of inorganic salts. The relation of these 


salts to the other constituents of the serum was determined mainly by | 


measuring the conductivity of serum after various procedures. The 
conductivity was determined in all cases by means of the telephone 
method. | 

Serum containing 13°97 grams of solid per 100 c.c. had a resistance 
of 2450 ohms, or a conductivity of 000407. 

A 1°/, solution of sodium chloride under the same ps had a 
resistance of 2500 ohms, or a conductivity of 000400. 

The conductivity of this particular serum therefore was about the 
same as that of 1°/, sodium chloride solution. After this serum had 
been heated to 100° C. and the coagulable proteid removed by filtration, 
the conductivity of the filtrate, determined at the same temperature 
at which the conductivity of the serum was measured, was ‘000532. 

Fromm this result it is evident that the conductivity of the serum in- 
creases markedly when the coagulable proteid is removed. This increase 
in conductivity after the removal of the coagulable proteid may be due 
to one or both of two causes: 

(a) The colloidal proteid may hinder aa movement of the ions of 
the electrolytes in a purely mechanical way ; 

(6) The colloidal proteid may be a Pal with a portion of the 
electrolytes and this combination be broken down by heat. 

’ Colloidal solutions are not assumed to hinder the movements of ions 
merely by their presence. If this statement be generally true then it is 
probable that the increase in conductivity after the removal of «the 
coagulable proteid is due to cause (b) above. To test this hypothesis 
_ various experiments were done. | 
A litre of serum was frozen by means of i chateen ot ice and salt and allowed to melt 


at 16°C, The resulting solution was syphoned off in seven portions. The total solid in 
each 100 c.c. and the amounts of coagulable proteid were first determined. 


Solid in 100 c.c. each 100 c.c. 
1 (top) 1:87 1-49 
2 4-29 8°35 
3 8°09 6°76 
4 10°64 9°23 
5 12°38 10°97 
6 13°97 12°29 
7 15°39 18°40 
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‘The conductivity of ench fraction was then determined. Temp. 20° C, 


Layer Resistance in ohms. Conductivity 
1 9400 000106 
2 5420 000185 
8 3650 ‘000274 
4 3050 900828 
5 2740 000865 
6 2450 000407 
7 2360 000423 
A portion of each fraction was heated to 100° C. for some time and the coagulated 
proteid removed by filtration. 
The conductivities of the filtrates were determined at 20° C. 
in ohms (R’) Conductivity (7 
1 9300 0001075 
2 4900 000205 
3 3080 “000325 
4 2400 000415 
5 2080 ‘000480 
6 1880 000532 
7 1770 000565 


The following figures give the relation of the amount of coagulable 
proteid to the increase in conductivity after the removal of the coagulable 
proteid from each fraction. 


Layer in 100 
1 1°49 0000015 
2 3°35 “000020 
3 6°76 000051 
4 9°23 000087 
5 10°97 “000115 
6 12°29 000125 


The relation between the coagulable proteid and the increase in con- 


- ductivity after the removal of this proteid is given on Fig. 2. The 


straight line relation proves that the removal of a definite amount of 
coagulable proteid resulted in a proportionate increase in conductivity. 
It may be seen from the curve that the removal of 12 grams of proteid 
increases the conductivity ‘000140. Now the conductivity of ‘33°/, NaCl 
at the temperature at which these experiments were done is 000136. 

Therefore assuming that all the liberated ions were tenan. of sodium 
chloride we see that : 


‘33 grams of NaCl were attached to 12 grams of proteid, 
58°65 ” ” ” ” 2130 ” ” 
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If we assume that a molecule of sodium chloride is attached to a 

molecule of proteid we see from this relation that the molecular weight 

of this proteid is about two thousand. 

The straight line showing the relation between the amount of proteid 

coagulated and the increase in a conductivity does not pass through the 

proteid and salt zero. 

An analysis of the curve shows that in 100 c.c. of each serum fraction 

there were 1°4 grams of proteid which, when removed, did not effect the 
conductivity. 


40r 


© 


8.8. 
| Fig. 2. . 

It is difficult to appreciate the relation of this proteid to the general 
proteids of serum. It does not alter in concentration in the various layers 
after freezing and thawing. Also it does not affect the state of the elec- 
trolytic ions in the serum. | 

The variation in the concentration of the solid constituents of serum 
after freezing and thawing has been assumed to be due to the molecular 
complexes formed between the proteid and salt molecules. The relation 
between the increase in conductivity and the amount of coagulable pro- 
teid removed supports this hypothesis. But in the case of the proteid 
above, the absence of any effect on the conductivity of the solution after 
its removal justifies the conclusion that it is not associated with electro- 
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lytes. If this assumption is correct then we would expect it to be con- 
tained in the upper layers of the cooled serum since the molecular 
weight is too large to appreciably affect the freezing point of water. 
Evidence of this type of proteid has been seen in the description of 
the action of low temperatures on serum. After freezing and thawing 
the concentrations of solids in the upper layers are too great to be 
included in a straight line relation. In the case of these layers it was 
assumed that there accumulated in them substances whose molecules 
were too large to appreciably lower the freezing point of water. Possibly 
the proteid above is of the same type but that the process of freezing 
was too rapid to allow it to segregate in the upper layers of the frozen 
mass, 
In the description of the effects of freezing and thawing a solution 
of ‘75 °/, sodium chloride it was pointed out that pure water should have 


separated out as ice until the cryohydrate point for sodium chloride was — 


reached, but that the results obtained might have been due to the too 
rapid freezing of the solution. If this assumption be correct then an 
extension of it may legitimately explain the equal diffusion of the above 
proteid through serum after freezing and thawing. But whatever 
the ultimate explanation of the phenomenon may be the experiments 
indicate that there are in serum two classes of proteid. : 

(a) The first class of proteid forms molecular complexes with the 
electrolytic ions present. This proteid constitutes about 80°/, of the 
total proteid of serum. 

(b) The second class of proteid does not form molecular complexes 
with the electrolytic ions present. This proteid forms about 20 °/, of the 
total proteid of serum. . 

It has been stated above that colloidal substances do not offer a 
mechanical hindrance to the free movements of ions. This statement is 
based mainly on the diffusion of ions in solutions of gelatine. The truth 
of it in the case of serum is demonstrated by the fact that the 
removal of the proteid (b) does not alter the conductivity of serum. 

In the above pages we have come to the conclusion that the 
increase in the conductivity of serum after the removal of the 
coagulable proteid is due to the break down of a proteid salt com- 
bination. When serum is heated the transition from a clear solution to 
a coagulated mass is usually abrupt—an increase of 2°C. being sufficient 
to affect the change. The problem arises as to whether the break down 
of the proteid salt combination is coincident in point of temperature 
with the appearance of coagulation. To solve this problem the con- 
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ductivity of serum at a series of temperatures was. determined. The 
following results were obtained : 


Temperature Resistance in ohms Conductivity 
21°5 1850 000540 
1560 000642 
42-0 000795 
49°0 1120 000893 
1010 000990 
895 001120 
720 858 001165 


After heating to 76° CO. the serum was again cooled to 72°C. Its conductivity was not 
altered. 


The conductivity and temperature results are shown on Fig. 3. 


Ordinates represent temperatures in centigrade degrees. Abscisse 


represent conductivities ; 10 = 00010. 


50 60 40°40 90 700 110 
| Fig. 3. 


The relation is shown by a straight line. | 

At 66°C. there was a slight coagulation of fibrinogen ; at 71°C. there 
was @ heavy coagulum of albumen. At neither of these temperatures 
is there an indication of an abrupt splitting of a large amount of elec- 
trolyte from the coagulated proteid. 

From this experiment we must assume that the connection between 
the proteid and the electrolytic ions present in serum is of a labile 
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character, the relative amounts in combination depending essentially 
upon the temperature. This labile character of the proteid and salt 
complexes renders the calculation of the molecular weight of the proteid 
from the amount of electrolyte associated with it of little value. Thus 
at 20° C. the additional conductivity of serum containing 12°/, of proteid 
after coagulation was the same as that of a -30°/, solution of sodium 
chloride. 

If the conductivity values had been determined at 0° C. and 45°C. 
the resulting increases after coagulation would have been equal to the 
conductivities of ‘65 °/, and ‘16 °/, sodium chloride respectively. 

A calculation of the molecular weight of the combined proteid at 
these temperatures gives the following values: 


at 0°C.... 4000 about 
20°C. ... 2000 
45°C. ... 1000 __,, 


Serum containing 12°/, of proteid contains about 1°/, of salt. It is 
evident, therefore, from the above figures that at 0° C. all the salt is-not 
in combination with the proteid, but that about one-third of te total 
quantity present exists free in solution. 

The dilution of serum. But the amount of salt associated with the 
proteid does not depend upon the temperature of the serum only. 
From a consideration of the conductivity of serum on dilution it is 
evident that the degree of concentration of the proteid is a factor in 
determining the amount of associated salt. 

Distilled water was added to serum in varying quantile and the 
conductivities of the resulting solutions were determined. The following 
results were obtained : 


Serum ’ Water Resistance in ohms Conductivity 


A 20 0 3600 000278 
B 15 5-0 4520 -000221 
10 10-0 6350 000158 
D 75 12°5 8170 000122 
E 5-0 11200 “000089 
F 


2°5 17°5 22200 000045 


The results are plotted on Fig. 4  Ordinates represent cubic 
centimetres of serum in 20 cc. of solution. Abscisse represent 
conductivities; 10 = 00010. 

The decrease in conductivity is not proportional to the degree of 
dilution. 
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This diminished decrease of conductivity on dilution may be due to 
one or all of three causes: 

(a) Increasing ionization on dilution. 

(b) Incréasing dilution of the colloidal proteid permitting a freer 
movement of the ions. 


(c) A splitting of the proteid salt combination on dilution. 


150 200 250 
Fig. 4. 


It is improbable that cause (a) above produces any great effect on 
the conductivity, There is about 1°/, of inorganic salts in serum and 
it may be assumed that if the salts exist free in solution they are 
completely ionized. 


The effect of diluting sodium chloride solution may be seen from the 
following figures 
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Percentage of NaCl Resistance in ohms Conductivity 

“141 17000 000059 

"435 ? 5760 000174 

690 3680 000272 

"854 2820 000354 

1:26 2000 0005 

These results are plotted on Fig. 5. Ordinates represent grams 

of NaCl in 100 cc. of solution, Abscisse represent conductivities ; 
10 = 00010. 


Fig. 5. 


The decrease in conductivity on dilution is exactly proporseaint to 
the degree of dilution. 

Hardy has shown that when globulin is dissolved by neutral salts 
there is a definite diminution in conductivity of the solvent. This 
diminution in conductivity amounts to about 2°/, of the original 
conductivity of the solvent. In the case of the serum above there 
was a slight globulin precipitate produced on dilution. The production 
of this precipitate would account, therefore, for a portion of the relative 
increase in conductivity. ; : 

The conductivity of the original serum was 000278. 2°/, of this 
is 000005 when due to 20 cc. of serum. 2°/, due to 25 cc. of serum 
would be 0000006 about. This increase of conductivity due to 
precipitation of a is negligible. 
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The diminished decrease of conductivity on dilution must therefore 
be due to causes (6) or(c). 

The effect of colloidal bodies on the movement of free ions has been 
_ previously discussed and was found to be negligible. We must therefore 
conclude that the dilution of serum is accompanied by a breaking down 
of proteid salt combinations, the effect of such decompositions being to 
relatively increase the conductivity of the serum. The breaking down 
of these proteid salt complexes is not accompanied by any diminution 
in the solubility of the proteid. 

The only precipitate produced on dilution is that due to globulin. 
Dilution of serum, therefore, has the same effect on the proteid salt 
| complexes as increasing temperature. But even with infinite dilution 
there is no change produced comparable to the heat coagulation of 
proteid. 

We must conclude, therefore, that coagulation of the proteids of 


serum by heat does not depend essentially upon the deprivation of 


electrolytic ions from the proteid molecules. The change produced 
must be one involving the proteid molecule itself. 


V. THE PIGMENT. 


_ Two proteids may be prepared from serum which are almost 
colourless. These are globulin and crystalline albumen. 

Globulin prepared by dilution and neutralization of serum when 
adequately washed is white and free from the yellow colour of serum. 

Crystals of albumen almost free from pigment may be prepared by 
half saturating horse serum with ammonium sulphate, filtering and 
adding dilute sulphuric acid to the filtrate until a precipitate begins 
to appear. 

But these two proteids do not compose more than 10°/, of the total 
proteids of serum. 

With the remaining 90°/, of the proteid the pigment is always 
associated. Thus on freezing and thawing serum the degree of 
pigmentation of the resulting fiyid is found to continuously increase 
from the top to the bottom of the tube at a rate proportional to the 
increase in the quantity of proteid. 

Whenever the general mass of proteid is naieinaaaa by ammonium 
sulphate, magnesium sulphate or alcohol below 14° C., the precipitate so 
produced when dissolved in water shows the pigmentation of the original 


serum. The degree of pigmentation of the resulting solution is pro- 
portional to the amount of — dissolved in it. 


‘ 
x 
+ 
ag 
a 
he 
J 
¢ 
fie 


THE PHYSICAL PROPERTIES OF HORSE SERUM. 497 


Similarly on the electrolysis of serum with zinc sulphate electrodes 
the electrolytic proteid which appears at the anode when dissolved in 
alkali has the same pigmentation as the original serum. | 

Also when serum is electrolyzed with platinum electrodes in an 
isotonic fluid the passage of the proteid towards the anode may be 
noted from the progress of the yellow pigment in that direction. 

On filtering serum through porcelain under a pressure of 4000 lbs. 
the pigment separates out with the proteid. After a short time a few 
drops of an almost colourless fluid containing a small percentage of proteid 
come through the filter and a gelatinous mass of proteid may be scraped 
from the outside of the porcelain filter. This gelatinous proteid may be 
dissolved in water and the resulting solution has the same pigmentation 
as the original serum. 

From all these experiments it tullows that in serum a definite 
quantity of proteid (exclusive of globulin and crystalline albumen) is 
always associated with a definite quantity of pigment. This suggests 
that the pigmentation of serum is due to a special group in the proteid 
molecule. But the pigment has been separated chemically from serum 
and prepared in a pure form. It is found to be a lipochrome and to be 
related chemically to cholesterin. 

The isolation of the pigment of serum in a crystalline form indicates 
that the pigment is only associated with the proteid and is not an integral 
part of its molecule. This association of the pigment with the proteid 
of serum affords additional evidence of the state in which solids exist in 
solution in serum. : 


VI. SUMMARY. 


(1) After freezing and thawing a column of serum the concentra- 
tions of the solid substances in the different layers, except those near 
the top, vary in a continuous manner. The variations are such that the 
concentration of solid in any layer is directly proportional to its distance 
from the top of the column and the ratio of the amounts of the Giiferent 
substances in the layer are the same as in the original serum. 

(2) When a constant current is passed through serum its solid 
constituents travel from the kathode to the anode. 

The main mass of these substances are so associated that they have 
the same velocity of electric transport. But a small portion of the 
proteid has a higher transport velocity. 

The analysis of the results obtained when a constant current is 
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passed seins serum shows that the water is — associated 
with the substances dissolved in it. 

(3) There is evidence of the presence in serum of two proteids of 
_ different properties from a determination of its conductivity before and 
after the coagulation of the proteid. 90°/, of the total proteid forms 
molecular complexes with a portion of the inorganic salt present ; the 
remaining 10°/, exists free in solution. The amount of salt existing in. 
combination with the proteid is a function of the temperature and degree ~ 
of dilution of the serum. 

(4) The main bulk of the proteid of serum has the same heat 
coagulation temperature. 

(5) The pigment of serum is closely associated with the proteid. 

If we assume that some of the constituents of serum form a series 
of more or less strong molecular complexes with one another the 
experimental results in which these substances keep a constant relation 
to one another can be readily appreciated. 

The chief components of these complexes would be proteid, pigment 
and inorganic salts, 

It is difficult to form an adequate conception of the relation of the 
water to these proteid complexes. For want of a better idea we may 
conceive that these proteid complexes are of a sponge-like nature and 
hold the water in their interstices. Such an arrangement would permit 
of the existence of a labile form of equilibrium between the proteid 
complexes and the water and would form an adequate basis for the 
interpretation of those phenomena which are observed when serum is 
subjected to the action of low temperatures or a constant current. 

This conception also affords an explanation of the relation of the 
electrolytic salts to the proteids of serum. 

At any definite temperature and degree of dilution a definite 
quantity of electrolytic salt is attached to the proteid complexes whilst 
. the remainder of the salt exists in solution in the water. 

The salt dissolved in the water is capable of carrying an electric 
current through the serum but that attached to the proteid cannot 
fulfil this function. 

The observation that raising the temperature of the serum diminishes 
the current of salt attached to the proteid complexes indicates that the 
amount combined depends upon the requirement of the proteid complex 
of @ minimal ionic energy rather than upon the maintenance of an 


equilibrium between that portion and the portion existing free in 
solution. 
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Hardy found that the velocity of transport of electrically active 


- globulin diminished on dilution. It is probable that the same would 


hold true for the proteid complexes of serum since on dilution the 
quantity of electrolyte attached to these proteid complexes diminishes. 

The above conception applies only to the major portion of the 
proteids of serum. In the experimental results described in the 
previous pages frequent evidences have been obtained of the existence 
in serum of a proteid which does not associate itself with these complexes. 
This proteid does not affect the freezing point of water nor does it com- 
bine with the electrolytes of the serum in a quantity proportional to the 
dilution and temperature of the serum. It is present to the extent of 
about 10°/, of the total proteid. 
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ON METABOLISM DURING STARVATION’. 
I. Nitrogenous. Br E, P. CATHCART, MD. 


THE effect of on more or com-— 


_ pletely studied with respect to the respiratory exchange as is evidenced 
by the work of Senator and Munk”, Johannsen and Tigerstedt® and 
others, but the variation in the composition of the urine, more especially 
with reference to the nitrogenous constituents, has not been so thoroughly 
investigated. Fairly full observations have been carried out by E. and O. 


Freund®, Van Hoogenhuyze and Verploegh™ and less complete 


series by Luciani”, Hoover and Sollmann ®, and Munk (i.c.). 

The scheme of the present investigation was that the subject of the 
experiment be fed on a standard purin free diet, the effect of which on 
the composition of the urine was known, for one week, to be followed by 
a fast of two weeks’ duration, which in turn was to be followed by 
another week on standard diet. The standard diet used during the week 
preceding the fast was that recommended by Folin, it consists of Milk, 
Horlick’s Malted Milk, Cream and Eggs. The reasons which dictated 
the choice were (1) that the diet is very palatable, and (2) Folin’s analy- 
tical data from the analysis of normal urines obtained on this diet give 
one results for comparison. At the close of the fast the subject was put 
on Folin’s Starch and Cream diet but unfortunately after three days’ use 
it had to be stopped as the man absolutely refused to take it longer. It 
was replaced by the original nitrogen rich standard diet. | 

The urine was collected in 24 hourly periods except on four occasions 
when attempts were made to investigate the diurnal variation in nitrogen 
output. The results obtained on these days were not very conclusive 


and as the methods employed varied from the usual the figures will not 


appear in the tables of results. The days in question were the 5th, 9th 
and 13th days of the fast and the 26th day of the whole experiment. 
Unfortunately no examination of the faces could be carried out. No 
movement of the bowels took place from the 6th day of the experiment, 
te. the day immediately preceding the fast, until the 24th day, i.e. four 
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days after the cessation of the fast when the milk and egg diet had been 

resumed. This motion was very soft and unformed but not fluid. 
_Embedded in it were the little hard masses of fxces characteristic of 
starvation. No quantitative examination of these masses was made as 
they could not be completely freed, without considerable loss of material, 
from the soft feeces in which they were passed. 


The subject of the investigation was Victor Beauté, a German, 31 
years of age. He was a professional starving man—a “Hungerkunstler.” 
~ Two months previous to his starting the present fast he had performed 
a 40 days’ fast. (39 days 15 hours) which was, so far as I could find out, 
(the protocols of the medical man in charge were examined) perfectly 
genuine. Beauté states that previous to this fast he had undertaken 
some 18 others of varying periods, usually of about three weeks’ — 
duration. 

He was a man of muscular build with but little excess of adipose 
tissue. Even in the abdominal region it was not excessive (see Table 
III.), His personal history, as regards serious illness, has always been 
good, On thorough physical examination carried out in conjunction 
with Dr F, J. Charteris nothing abnormal could be detected, lungs, 
heart and kidneys sound. Mentally too he might be regarded as perfectly 
sound, He took quite an enthusiastic interest in the various investiga-_ 
tions and it is only due to say that it was owing to his care that the 
present research was carried out with so little trouble. 

As regards the genuineness of the present fast I have not the slightest 
doubt. (This belief is supported by the course of the output of the 
various urinary constituents particularly with regard to the Total Nitro- 
gen and Chlorine.) The precautions which were taken to prevent deception 
were complete. During the whole experiment he was housed in a well 
lit and warm room put at my disposal by Dr Charteris in his own house. 
Here he was well removed from temptation especially from outside 
sources. Further during the fasting period he was under close surveil- 
lance, by day he was watched by students of Prof. Noél Paton’s and 
my own and known to be reliable, by night he had a special nurse on 
duty with him. My best thanks are due to Mr Hendry and the other 
students who gave me assistance in this supervision. 

As there was no suitable means of investigating his CO, output Beauté 
was allowed to please himself as to the disposal of his time. He spent 
most of his time reading. He was allowed at his own special request 
cigarettes—these were limited to two a day. With the exception of the 
first two days he scarcely touched tobacco, during the fast. 
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He never complained at any time of pain arising from his 14 days’ 
fast. At the end of the first week he complained of some stiffness and 
discomfort at the right shoulder and side but this soon passed off. The 
only objective signs of the experiment were the loss of fat, and an anxious 
strained look associated with a good deal of darkening of the infraorbital 
region. He complained of a bad taste in his mouth and for this he was 
given a simple mouth wash. His tongue remained fairly clean through- 
out the fortnight. As regards other subjective symptoms he complained 
of a feeling of dullness and some headache about the 4th day and was 
reluctant to rise, on the 5th day he was better again and not until the 
12th day did he again complain and then he said he felt weak with a 
tendency to giddiness if he made any rapid movement. On account of 
this giddiness he remained in the recumbent position practically the 
whole of the 13th and 14th days. It may be here noted that during his 
sleep he was, at any rate during the 2nd week, very restless, grinding 
his teeth and talking a good deal. He stated that he dreamt very 
of food. 

* With reference to the loss of weight the following table (Table 1.) 
gives the daily alteration, from Jan. 16, 1907. 


TABLE I, 
Date Day of fast Weight in kilos. Daily loss 
Jan. 16 4 65°61 

17 I 64°57 104 
18 I 63°72 0°85 
19 III 62°77 0°95 
20 IV 61-96 0°81 
21 61°41 0°55 
22 VI 60°83 0°58 
23 vil 60°23 0°60 
24 Vill 60°04 0°19 
25 IX 59°80 0°24 
26 x 59°11 

27 XI 58°64 0°47 
28 XII 68-64 0-00 
29 XI 58°37 0-27 
30 XIV 57°78 0°59 


It will be noted that the loss of weight is most rapid during the first 
tour days, thereafter the loss still goes on but it becomes more or less 


- irregular, Further it will be noted that the weights on the 11th and 


12th days are identical, A similar peculiarity was noted in the case of 
Cetti (/.c.) here the weights on the 6th and 7th days were alike. It is 
extremely difficult to account for this. The German workers believe it, 
in their case, to be due to the drinking of an excessive amount of water 
on the 7th day. In the present case I had ascribed it to some similar 


reason, although here it is difficult to account for the result in this way 
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as Beauté daily consumed the same amount of water. It could not have 
been due to a full bladder as before weighing water was always passed. _ 
Beauté himself told me that in several of his previous fasts this coin- 
cidence had been noted. His statement was confirmed, in one case at 
least, on examination of an old protocol. The total loss of weight in the 
14 days amounted to 7°83 kilos. which gives a percentage loss of 11°93 
from the original weight. The daily percentage loss amounted to 0°85 
gram. For purposes of comparison Table II. is given with the figures 
obtained by Senator and others working with Cetti and Breithaupt 
and of Luciani with Succi (in this case the figures have been calculated 
for 14 days) 


TABLE II. 
Weight in kilos. 

Duration of Daily 

_ Subject and observer fast,days ‘Begin. End Total loss loss loss 

Beauté 14 65°61 57°78 7:83 11°93 85 

Sueci (Luciani) (Ist) 14 63°3 54-85 8-45 1384 “95 

” ” 30 63°3 §1°2 12°1 19°11 63 

Cetti (Munk, Senator) 10 57°0 50°65 6°35 11°14 1-11 

Breithaupt (Munk,) 


. Body measurements, The following table (III.) gives the actual body 
measurements before and after the fast. It will be noted that the 
greatest loss takes place round the abdomen at the umbilical level. No 
alteration of any of the internal organs was noted either by percussion 
or auscultation. Beauté’s muscular power did not seem to have suffered 
much by his 14 days’ fast as on the evening of the 14th day he carried 
with perfect ease two 56 lb. weights the length of his room. 


TABLE III, 
In centimetres 
Site of measurement Before After Difference 

Chest at rest (under nipple) 89-0 84:0 50 
Abdomen (at umbilicus) 87°5 750 12°5 
Right arm (at axilla) 29°25 26°0 3°25 
Left , ( » ) 28°2 2060 2°2 
ren upper arm (6” above olecranon) 28-0 26°0 2-0 

” » (5 28-0 25°5 2°5 
st lower arm (3” below olecranon) 26°0 24°0 20 
) 25:5 2-0 
Right thigh (12” below iline wont) 51-0 48°25 2°75 
). 51-0 47°5 85 
Right leg (12” from here foot) 33°6 2-6 
Left ” ( ” ” ” ” ) 36:8 33°5 33 
Neck (at level of cricoid cartilage) 35°5. 34°25 1°25 


Pulse, Resp., Temp. As regards the pulse rate there was quite a 
- decided fall during the course of the experiment. The average was 
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about 15 per min. The greatest difference from the normal was on the | 
12th day when there was a fall of 19 beats per min. There was — 


7 _ practically no alteration in the respiratory rate. The temperature was 


throughout slightly subnormal. The pulse rate, respiratory rate and 
temperature (in the mouth) were taken night and morning at the same 
time and with the subject as nearly as possible always in the same 
position. The morning pulse rate never differed much from the evening 
observation. Morning maximum was 70 on the 7th day and minimum 
was 58 on the 12th and 14th days. The same is true for the 
respiratory rate, it varied throughout between 14 and 16 per minute. 
The morning maximum temperature was 98° onthe 2nd day and the 
minimum was 97° on the mornings of the 8th, 10th, 11th, 12th and 14th 
days. It was thus on the whole lower than the temperature as taken 
in the evening. 
Blood-pressure. The blood-pressure was taken once a day—in the > 
evening always at the same hour. Martin’s modification of the Riva 
Rocci apparatus was the instrument used. There was on the whole a 
faitly steady fall although at the same time it was not constant. The 
figures recorded are the result s: 4—6 readings in each case. See 
Table IV. 


TABLE IV. 
0 77 19 eae. 108 
I 70 19... 98°4° 108 
II 71 17 -98°0° 96 
Ill 68 16 98°4° 98 
IV 64 98-3° 98 
66 98-2° 92 
VI 65 17 98°2° 94 
vil 64 18 97°9° 88 
61 17 98°2° 90 
1x 63 98-2° 88 
x 57 14 98-0° 92 
XI 63 20 98°0° 88 
XII 58 17 98°2° 94 
60 18 98°2° 90 
XIV 61 18 98-0° 88! 
1 5 days later 104. 


Beauté, like other fasting subjects, complained very bitterly of 
feeling cold. This was no mere hallucination as quite well marked 
“ goose skin” was noted at different periods in spite of the fact that his 
wen was always kept warm—uncomfortably warm for normal indi- 
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EXAMINATION OF THE URINE. 


Methods. The total nitrogen was estimated by Kjeldahl’s method. 
Urea by Folin’s method, uric acid by Hopkins-Folin method. 
Ammonia by the Folin-Schaffer method, the total purins by the 
method of Camerer-Arnstein, and creatin and creatinin by the colori- 


metric method using a Duboseq colorimeter. 


It will be noted that the week previous to the fast. yielded a urine 
which agrees fairly closely with those obtained by Folin from subjects 
on the same diet. 

The urine obtained during the fortnight’s fast was quite characteristic 
of this condition in so far that there was a gradual diminution in the 
nitrogen output. | 

Amount. The amount of urine passed daily during the course of — 
the week previous to the fast was practically normal, perhaps a little 
lower than the figure usually quoted (see Table V.). During the course 
of the fast the output fell very decidedly, the lowest. output being 
recorded on the 12th day, when the amount excreted amounted to only 
600cc. This fact is all the more noteworthy as Beauté consumed 
the same amount of fluid each day. The urine passed on the first four 
days immediately following the cessation of the fast was subnormal in 
amount but thereafter it rose ery nearly two litres — excreted 


on the 6th day after the fast. 
TABLE V. 

14. i. 07 —_ 1478 1021 Egg & Milk 2000 (diet) 
15. ” eee 1050 1026 99 2000 
16. ,, ns 1410 1022 ie 2000 
I 1870 1012 Fast 1500 (water) 
II 1585 1013 1500 
Ill 1160 1019 1270 
20. ” IV 935 1021 99 1185 
22. ,, VI 850 1020 vd 1000 
SX Vil 680 1021 ” 1000 
24. ,, VIII 660 a 1000 
x 965 1012 1000 
XI 640 1020 1000 
XII 600 1018 1000 
30. 29 XIV 685 1015 99 : 1000 
765 1010 Starch &Cream 1500 (diet) 

1. ii. 07 a 740 1008 ” 1000 
865 1008 1000 

a, —_ 800 1016 Egg & Milk 1500 

1155 1017 1500 


” Usines of Sth, 9th, and 18th day of fast omitted for reasons previously stated. 


_ As regards the specific gravity of the urine it will be seen to vary 
between 1012 on the first day of the fast and 1021. The lowest point 
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of all however was reached on the 2nd and 3rd days after the fast 
when the specific gravity was only 1008. On these days the nitrogen 
content of the urine was extraordinarily low. 

During the whole duration of the fast there was an intake of 
16,055c.c. and an output of 12,855c.c..by way of the kidneys leaving 
$200.c.c. for excretion through the lungs and the skin. This surplus 
allows of a daily output of 228¢.c by these channels from this source 
alone. One must remember that the break-down of tissue, protein and 
other, is also a source of water supply. : 

The mean of the daily output of total nitrogen on Folin’s standard 
egg and milk diet on the four days preceding the fast was 16°29 gsms 
the actual output on the last day of feeding being 16°45 grms, On the 
first day of the fast the N excretion fell to 10°51 grms (probably due to 
the fact that the reserve store of carbohydrate was being utilised) but on 
the second day the output rose abruptly to 1438 grms. This rise was 
followed by a steady daily fall to 838 grms. on the 10th day, then the 
output was slightly increased during the three following days to be 
suéceeded again by a fall to a lower level than on any previous day. 
The result of the nitrogen low starch and cream diet was very marked : 
on the first day of feeding there was a fall in the output of N but it was 
not very great; on the two following days however the rapid fall which 
took place was remarkable. On the second day the output was less than 
half what it was on the last day of the fast and on the third day the N 
excretion fell to less than a third. Whether it would have fallen 
further it is difficult to say but it was impossible to persuade the man 
to keep on his low nitrogen diet for a single day longer. The actual 
lowness of the amount of N excreted is not so extraordinary as the rapidity 
of the fall. As regards the actual amount of this and the various other 
nitrogenous substances excreted, if the figures be compared with 
Folin’s they will be found to agree fairly closely with the N 
excretion of Dr E. 8. A. Table IV. p. 78 on the 6th and 8th days of 
July. On the resumption of the egg and milk diet there was an 
immediate rise almost to four times the output although this output is 
just about half of what it was when the subject was on the same diet 
previous to the fast. This output steadily increased in amount during 
the following days as.the tissue’s demands were satisfied. This fact also 
agrees closely with the results obtained by Folin. 

Table VI. shows that the output of wrea follows very closely the line 
of the output of total nitrogen, i.e. it falls steadily until the 10th day 
when as in the case of total nitrogen there is a transitory rise followed 
by a fall. Again as with the total N the rapidity of the fall after the 
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commencement of the starch and cream diet is quite remarkable, the 
amount of urea excreted on the 3rd day being only 1:7 grms, here 
again as with the total nitrogen the output rises with the resumption 
_ of the nitrogen rich diet. When the urea is viewed in per cent. of the 
total nitrogen the results are very interesting. Before the fast began 
the output of urea might be regarded as perfectly normal taking Folin’s 
figures from subjects on the same diet as guide. The high percentage 
of urea is maintained during the first three days, indeed if anything 
_ there is a slight rise in the percentage output. As in the case of the 
gross amount the percentage of urea to total nitrogen falls, although 
still within normal limits, during the first day. On the second day it 
‘is up a little and on the third day it is higher than had been found 
previously in this man, although not higher than some of the figures 
recorded by Folin in his dietary studies on normal individuals. This 
rise is followed by a smart fall which continued steadily until the 8th 
day when a rise, which continues right to the end of the fasting period, 
sets in, On the first day following the fast there is a further rise but 
this is followed on the 2nd day by a sudden fall of from 78°/, to 64°/, and 
on the 3rd day it sinks even lower to 61°75°/,. On the 4th day, after 
the resumption of the nitrogen rich diet, as was to be expected, the 
ratio rose practically to normal. 

The average output of ammonia nitrogen during the four days 
preceding the fast amounts to 0°58 grm per diem, on the first day of 
the fast this falls just as in the case with total nitrogen and urea 
A steady rise follows until the 7th and 8th day (on the 7th day there 
is for some reason, probably an error in technique, a slight fall in the 
ammonia N) then the amount gradually falls practically to the end of the 
experiment. The giving of the starch and cream diet accentuates this fall, 
even the substitution of the N rich egg and milk diet causes no great 
alteration. When the ammonia N excretion is examined in percentage 
of T. N. there is found a steady:rise until the 8th day followed by a slight 
fall which continues to the end of the fast. When feeding is resumed 
there is on the first day still a fall, but a rise from 7 %/, to 10°/, occurs on © 
the 2nd day and to 11°/, on the 3rd day, this again is followed by 
a very decided drop to 3'8°/, on the first. day of the egg and milk diet. 

(a) The wric acid excretion on the egg and milk diet previous to the 
. fast. may, like the other various nitrogenous bodies, be regarded as 
normal. During the first two or three days of the fast there is a 
decided drop in the output but thereafter there is a steady though slow 
rise never however exceeding the amount excreted on the days previous to 
the commencement of the fast. Indeed of all the urinary nitrogenous 
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constituents which were examined uric acid is much the most regular 
in the amount daily excreted. The first day of feeding leads to a small 


. but quite well marked increase in the output to be followed by a fall, 
maintained to the end of the experiment, practically to normal, 14 to ~~ 


a similar amount to that which was excreted previous to the fast. When 
the excretion of uric acid is examined as regards its ratio to total 
nitrogen a steady rise is noted from the second day on to the end of the 


fast. The three days following the fast show a great increase in the 


percentage amount about five or six times that of the normal as viewed 
by ibe pre-fast analyses. 

(6) Although the output of uric acid is so steady such is not the 
case with the total purins which are distinctly irregular. Generally it 
may be held that there is a rise from the first day to the last if one 
excepts the third day, the low excretion here being probably due to an 
error in analysis. Unfortunately the total purins of the 14th day were 
wholly lost and as a large amount of urine is required for the analysis 
the examination could not be repeated. Following the fast there is a 


_ very decided and sharp rise on the first day of feeding and this again 


is followed by a fall. Excretion in percentage of T. N. resembles uric acid. 
These results are slightly different from those obtained by the 
Freunds (/.c.) when working with Succi in which the percentage of 
uric acid N was found to fall from 1-7 °/, on the first day to 0°88 °/, on 
the 4th day and then to rise slowly to 1°6°/, on the 21st day. These 
observers found too that the total purins fell rapidly in amount during 
the first three days but thereafter until the end of the fast the amount 
excreted varied between 0°12 and 0°08 grm. Schafer® found in his 


- experiments on excretion of 0°18 grm as mean in the urine of the 4th 


to the 6th day of a fast. 

The output of creatinin does not maintain the regularity which it 
exhibits under normal conditions either on feeding with a nitrogenous 
or non-nitrogenous food as demonstrated by Folin in his recent work. 
In the present case there is a fall from the beginning to the end of the 
experiment. Even on the first day of the fast there is quite a distinct 


_ drop. There is a rise though a slight one on the days of feeding 


following the fast. 
Oreatin. At the same time as the estimations of the creatinin were 
made the urine was examined for creatin using the method’ which 
! The method is as follows :—5 c.c. of the urine is heated at about 100° C. in a small 
fiask, with simple condenser, with 100.0. HCl for 4 hours. Thereafter it is examined 


for creatinin by the ordinary colorimetric method, due care having been taken to neutralise 
the HCl by the proper addition of excess NaOH. 
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Folin utilised in his work on creatinin excretion. It is seen that even 
during the early days of the fast there appears to have been quite a 
marked amount of creatin present in the urine. This creatin output like 
the creatinin itself falls however quite steadily to the end of the fast and 
again like the creatinin it increases on the resumption of feeding. So 
far as I am aware this is the first recorded instance of the appearance of 
creatin in such urine. 

The amount of creatin excreted in percentage of T. N. shows a slight 
rise although by no means either a steady or marked one, and when 
one examines the creatin-creatinin series in the same light it is seen 
that the percentage output almost becomes constant. In the case of 
both creatin and creatinin output, i.e. C’ and C the percentage output 
after feeding rises on the starch and cream diet and falls when the egg 
and milk diet is resumed. 

The wndetermined nitrogen falls towards the end of the eipenimnent, 
in the earlier part the daily output is extremely variable. On the 
starch and cream diet there is a very decided fall in the amount of this 
unknown nitrogen followed by a rise on the egg and milk diet. In 
percentage of the T. N. there is a fall during the first three days, then a 
rise till the 8th day and again a fall. The fall on the first day of 
feeding is followed by a sharp rise on the two following days and on 
the 4th day by a fall. 

The record of the output of ae substnnees will be 
ses in a later paper. 
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Note at correction of f. In the current number of the American Journal of 
- Physiology (xvi. p. 871) Benedict notes the ea of Pe creatin in the urine 
of a starving woman. He states also that his sianatie Mae bouk verified by Folin at 
Waverlny on a fasting man. 
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Observations on the Human Parathyroid Glands. By Davip 


Forsyta. 


(Preliminary Communication.) 

Almost all attempts to solve the double question of the function of 
the parathyroid gland and the relation of the gland to the thyroid have 
been made by way of experimental extirpation. The evidence thus — 
collected is conflicting and the more recent researches seem to bring us 
no nearer a solution. It appeared therefore that information gathered 
along other channels would be of value and a detailed investigation was 


made of the occurrence, distribution, histology etc. of the parathyroids 


and thyroid in a series of human beings and in many animals. The 

present communication is to record one or two facts that have 

established themselves during an examination of about sixty human 

subjects. 

A. RELATION BETWEEN PARATHYROIDS AND ACCESSORY THYROIDS. 
eS Position of parathyroids and accessory thyroids. 

The parathyroids are far from constant in position but they show a 
greater or less predilection for certain sites. Most frequently they lie 
near the posterior border of the thyroid, at or near the junction of 
its middle and lower thirds. The position next most popular is 
along the same border at or near the junction of the upper and middle 
thirds. The third commonest site is at or near the inferior pole of the 
gland. 

Similarly the accessory thyroids favour special localities. Most 
often they are found in the connective-tissue around the inferior pole of 
the main gland, but they are almost equally numerous on the posterior 
border of the lobe both at the junction of the middle and lower thirds 
and at the junction of the upper and middle thirds. 
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It will be noticed that the three commonest sites of occurrence of — 
accessory thyroids are also the three commonest sites of occurrence of — 


parathyroids. 

Once only was an accessory thyroid found on the tracheal surface 
of the thyroid gland. In this case two small accessory thyroids 
guarded on either side an equally small parathyroid—one of the only 
two occasions on which a parathyroid was found on the tracheal surface of 
the thyroid gland. 


II. Age incidence of parathyroids and accessory thyroids. 
' The parathyroids, which occur with greater frequency in the first year 
of life than at any subsequent. period, progressively diminish with 


increasing age. Within the first twelve months of birth they occur to 
the number of 2, 3, 4, 5 or even 6 on one side of the neck. From the 


first to the tenth years the greatest eects found was 3 and 4. Above 


ten years, 2 was the maximum. 

The accessory thyroids on the other hand show a progressive 
intrease in frequency from birth onwards. In 75°/, of the cases under 
one year no accessory thyroids were found. From one year to ten 
years they were absent in about 40°/,. Above ten years they occurred 
in 95 °/, of the cases. 


B. THE SECRETION OF THE PARATHYROID. 


Sections of parathyroids very frequently show droplets of granular 
colloid, but under high magnification (e.g. 7yth inch) similar material may 
often be seen between the cells. Serial sections of a number of active 
glands enabled this secretion to be traced to its departure from the 
gland. 

The secretion lying in between the cells is ne to. aggregate, forming 
a minute droplet, which naturally tends to appear in the centre of a 


cluster of cells grouped around the colloid-containing cavity. From — 


this primitive vesicle the secretion passes into the lymphatics which 
gradually trend towards the surface, the smaller vessels uniting to form 
larger. Finally the secretion can be found lying on or in the capsule of 
the gland, contained in a large lymphatic vessel lined with the usual 
pavement endothelium. It is common for this main channel to meander 


over the capsule for some little distance before leading the secretion 
from the gland. 
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On the presence and amount of “‘ seromucoid ”’ in blood. — 
By H. W. Bywarers. | 

Much attention has been recently given to the uncoagulable proteid 
which exists in blood. Zanetti! designated it seromucoid from its 
supposed resemblance to ovomucoid. Langstein’, Kraus’, and 
Knoop and Embden‘, have since declared it. to be an albumose, whilst 


_ Neumeister® and Abderhalden and Oppenheimer‘ failed to detect 
* any such compound preformed in normal blood. Dr Pavy’ has shown 


that the amount of carbohydrate yielded by mucoids is greater after 
acid hydrolysis than after hydrolysing with 10 °/, alkali, whereas other 
proteids give the same figures by both methods. While, further, by 
diminishing the strength of the alkali the yield of carbohydrate from a 
mucoid is increased, with other proteids it is diminished ; so that, by 


means of hydrolysis, the mucoid structure of molecule may be 


recognised. The results of the present investigation confirm the work 
of Zanetti as to the presence of seromucoid, and show that the amount 
that may be obtained from the blood is rather less than 4 per cent. of 
total proteid in the fasting state and rather over 1 per cent. in 
consequence of carbohydrate diet. A similar, non-diffusible, mucoid- 
substance has been obtained from the mucous membrane of the small 
intestine. 

Method :—The coagulable proteids of horse’s serum were precipi- 
tated by heating the faintly acidified solution and the filtrate, after 
concentration, was treated with alcohol. Inorganic impurities 
accompanying the seromucoid thus precipitated were removed by 
redissolving in water and submitting the solution to dialysis. When 
no turbidity was caused by the addition of barium chloride, the 
solution was again concentrated and the seromucoid precipitated with 
spirit, collected and dried at 100°. On estimating the amount of 
carbohydrate in the substance, higher figures were obtained after 


_ hydrolysing with acid or 2°/, potash than with the usual 10°/, potash, 


and this behaviour, as well as its non-diffusibility, lends support to the 


_ view that the compound is of a “mucoid” and not of an “ albumose ” 
nature, 


1 Zanetti. Gazetta chimica ital. 1903, 
* Langstein. Hofmeister’s Beitr. 11. 
* Kraus. Zeits. f. exp. Path. u. Ther. 1906, m1. 
4 Knoop u. Embden. Hofmeister’s Beitr. m. 
5 Neumeister. -Zeits. f. Biol. xxv. 
6 Abderhalden u.Oppenheimer. Zeits. f. physiol. Chem. xu. 
7 Pavy. Carbohydrate Metabolism and Diabetes. Churchill, 1906. 
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> The quantitative estimation of seromucoid in blood was carried out 
by determining the amount of proteid carbohydrate in the filtrate from 
the coagulable proteids. The free sugar was removed to a large extent 
by repeated precipitation of the seromucoid by alcohol from its aqueous 
solution. A small amount (5 to 10°/,) of the total blood sugar 
remained adherent to the seromucoid and was separately estimated in 
one portion of the final liquid by first precipitating the proteid with 
phosphotungstic acid and then estimating the glucose in the filtrate, 
after hydrolysis, by Pavy’s ammoniated cupric test. In the remaining 
portion, the total reducing power was determined by hydrolysing with 
5°/, hydrochloric acid and then, after removing the amino-compounds 
with phosphotungstic acid, titrating with Pavy’s solution as before. 
The amount of the total reduction due to the seromucoid was obtained 
by subtracting from it the amount due to the adherent sugar. The 
experimental error is probably considerable, but the numbers given 
below for adherent blood sugar are throughout maximal values, so that 
the final valués estimated for seromucoid carbohydrate are minimum 
values. 

Experiments have been devised with the view of ascertaining the 

role which this mucoid-substance plays in carbohydrate metabolism. 
With the dog, the following results were obtained :— 


Amount of seromucoid carbohydrate expressed as glucose 
in grammes per litre of blood. (Dog.) 
Reduction due Reduction due 
Total toadherent = £toseromucoid 

Fed on bread and milk | 0-238 0°125 0-118 
” ” 0-218 0°121 0-097 
Fed on dog-biscuit 0-370 0°129 0241 
0°328 0°148 0-180 
0-189 0-117 - 0-072 

0-143 0°061 0-082 


An increase in the amount of mucoid carbohydrate is to be observed 
after a meal consisting largely of carbohydrate material. Other — 
workers have not been able to note any increase after proteid food, but 


if the seromucoid is chiefly concerned in the assimilation and 
transport of carbohydrate, this is only what might be expected. 
Although the amount of seromucoid present is but. small, it may 
nevertheless be an intermediate product formed during the incorporation 


of sugar into proteid, and hence a further study . the compound is 
* being made. 
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The Norma) Temperature of the Goat. By G. C. C. Damanr. 


There appears to be no published record of the range of temperature 
in the goat; the figure given in the chief articles upon animal heat is 
probably based upon only one or two observations. The following records 
were made in connection with other observations upon goats and will 
be of some value in supplying the want of data for the normal rectal 
temperature of an animal which is now used for physiological and 
pathological investigations. 


Number of 


Mean temps. Lowest temp. Highest temp. 
Goat P.M. A.M, P.M, A.M. P.M, A.M, P.M. 
Pa 4 8 895° 4025°  39-25° 39°75°  39°75° 
4 4 8 40°0 39°75 39°5 39°25 40°75 40°5 
18 4 ae 38°75 39°5 38°25 38°75 39°5 40°0 
Brom 4 8 892 395 3090 8875 895 400 
25 3 8 40°0 40-0 39°75 89°5 40°25 40°5 
21* 4 7 40°0 40°0 BOS 39°0 40°5 40°5 
16* 4 8 89°25 400 38°75 39°75.. 89°75 40°5 
20 39°75 40-0 39°25 39°75 40°25 40°5 
22* oe 40°5 40°25 40°25 39°75 40°75 40°75 
24 4 7 40°25 40°25 39°75 40°0 40°25 40°75 
10* 4 7 39°75 39°75 39°5 39°5 39°75 40°25 
29* 4 8 39°75 40°0 39°75 BY 40-0 40°25 
26 4 7 39°25 40°0. 38°75 39°75 40°0 40°5 
8 7 39°5 40°25 38°75 89°75 89°75 40°75 
33* 4 7 40°0 39°75 39°25 39°5 40°25 40°75 
8 4 8 39°25 39°5 38°75 39°0 39°75 39°75 


The observations were made at the Lister Institute during the 
of 1906. 


Mean of all a.m. Temperatures 39°75° 
40°0 


Total number of observations made was 194 upon 17 goats. 

All thermometer readings are corrected to standard. 

The goats marked with a star usually tried to escape the operation ; 
the others were quiet. 

Goat No. 26 was partly paralysed—ankle drop and paralysed 
bladder. The others appeared healthy. Observations made on goats 


which seemed ill are not included in the record. 
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The Effects of Rapid “Décomprestioh on Larvat. By 
_ M. Greenwoop, Junr. 
(Physiological Dept., London Hospital Med. College.) 
Since the lesions produced in animals by sudden decompression are 
known to be caused by the liberation of Nitrogen bubbles from the blood 
‘and tissue fluids, it would seem probable that any animal whose 


respired gases are conveyed to the cells without the intervention 1 


of a circulating liquid should be immune from decompression 
symptoms. 


In tracheal breathing seat such as the Lepidoptera, inspized | 


air is conveyed directly to the body cells by branching tracheae, the 

vascular system not apparently performing any respiratory functions : 

lepidopterous larvae are, accordingly, suitable material for experiment. 
An active third year’s larva of Cossus Cossus (the ‘Goat’ moth), was 


twice submitted to a pressure of + 25 —30 atmospheres, for periods of | 


20 mins. and 2 hrs, 40 mins., respectively. The insect appeared quite 
normal and active during the experiment. Decompression was effected 
instan taneously and produced no unfavourable effect on the larva, which 
has since pupated in a perfectly normal fashion. A control frog 
maintained at a similar pressure for 40 mins. and decompressed rapidly, 
died in a few seconds, aac the ordinary signs of gaseous 
embolism. 

On two larvae of Lasiocampa Quercus, the following experiment was 
performed, 

A was placed in the pressure chamber with some food plant and 
raised to + 30 atmospheres. During the experiment, the larva consumed 
several of the leaves. After fifteen minutes, the pressure was 
lowered rapidly. On removal the insect was found to be dead, the gut 
being enormously distended with semi-digested leaves and air bubbles. 

On B a similar experiment was performed, but no leaves were put 

in the chamber. Sudden decompression did not lead 'to any unfavourable 
result, the insect has remained quite healthy and pupated regularly, 
the resulting imago being normal. 
_ Supposing the time under pressure to have been'long enough to fill 
the tracheae with air, it is clear that the suggested immunity from 
‘decompression effects must exist. At the instant of decompression, ‘it 
seemed to those watching the experiment that the larvae swelled 
slightly, but this may have been due to small wriggling movements. 


In view of these results, it is unlikely that the a orifices are 
guarded by efficient valves, 
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A New Central Chronograph Station for Physiological 
Laboratories. By C. F. Myers-Warp. 

The apparatus consists of a series wound motor C, which by means 
of worm gear drives the toothed wheel X round once a second. The 
rate of rotation of X is checked against a watch and is setae by the 
variable resistance F. 

. X is a wheel, the rim of which i is divided into three parts by two 


grooves. 


LAM 


The edge of the front part is provided with 100 teeth ; of the middle 
part with 10 teeth, and of the back part with 1 tooth. 
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The town current (100 volts continuous) enters the apparatus at the 
point-A and runs via the lead B to the stud 8, where it divides into two 
aah one passing to the motor C and the other via D to the wheel 


"That part which passes to the motor returns via EZ to the variable 
resistance F, which it traverses, and then through the 16c.p. lamp G 
_ back to the two pole switch A. 

That part passing to the toothed wheel X leaves X by one of the 
insulated contacts Y, Y’, Y”; reaches the moveable key LZ and 
traversing the 8 cp. lamp XK is ‘ecndiinied by the wire J to the table, 
where it actuates a chronograph of the Deprez type ; returning from this 
by the wire H to the two pole switch A. 

By the introduction of an intermediate gearing between the motor 
and the toothed wheel X it is possible to obtain fractions of a minute ; 
the fraction being determined by the number of teeth cut in the rim . 
of the toothed wheel. The apparatus is made by C. F. Palmer of 
6, Upper Tulse Hill, Brixton, S.W. 


On Folin’s method of urea determination’. (Demonstration. ) 
By E. P. Catucart (Glasgow). 


A speedy yet accurate method for uhe quantitative determination of 
urea has long been desired. Accurate methods such as Mérners’ exist 
but they have all the disadvantage that they require an undue amount 
of time for their performance. This is a particularly unfortunate 
condition of affairs where a long series of determinations require to be 
made, The method devised by Folin* is both accurate and relatively 
expeditious. The whole operations from start to finish require only 
some four hours. . Several workers have tried the method but have 
discarded it owing to the irregularity of their results. This irregularity 
is, I am sure, due to non-attention to the details given by Folin. 
During the past six months I have carried out the method many times 
and can now rely on getting concordant results. For instance in a 
ty of eight estimations the following figures (given in c.c. of 


io N 4,80, were obtained. 


Batety tube or condenser was made for me anion, 
Sauchiehall Street, Glasgow. 


Zeit, f. physiol. Chem. xxxn. p. 504. 1901 ; xxxv1. p- 388, 1902. 
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Kjeldahl Folin 

4'5 c.c. 445 45 cc. 

45 ,, 44, 
4°45 ,, 45 , 
4°55 ,, 4°45 ,, 


Method. 5c.c. of the urine or solution of urea is pipetted into a 
200 c.c. Erlenmeyer flask, to this is added 5 c.c. concentrated hydrochloric 
acid, 20 grammes crystallised Magnesuim chloride, a piece of paraffine 
wax about the size of a pea and 2-3 drops of a 1 °/, aqueous solution of 
“alizarin red” (sodium alizarin sulphonate (Kahlbaum)) to act as 
indicator. A safety tube or condenser is then inserted and the mixture 
is boiled at a high temperature, either on a sand bath or an electric 
heater until very definite “ bumping” begins. (It is important that the 
sand bath, if one uses such for heating, be broad in order that the sides 
of the Erlenmeyer flask are protected from direct heating by the Bunsen 
flame.) When “bumping” is well marked the temperature is lowered so 
that “bumping” still goes on but not quite so violently, but still it must 
be quite definite, each drop which goes back into the hot mixture giving 
a very distinct “ bump.” These “bumps” should average about three a 
minute. The boiling mixture in the Erlenmeyer must never be allowed 
to remain alkaline, whenever the red colour (due to the action of alkali) 
appears a drop or two, just a sufficient amount to render the mixture 
acid, of the acid distillate in the condenser must be shaken back into the 
. flask. Continue the heating under these conditions for an hour and a 
half when all urea present is decomposed. The mixture when cool 
enough is transferred to a distilling flask with about half a litre of 
water, rendered alkaline with a solution of caustic soda! (Folin 
recommends 20c.c. of 10°/, NaOH) and the ammonia distilled off. 
Distillation ought to be carried on for about one hour. Alizarin red 
serves as a very good indicator during titration. It is important to boil 
the distillate to get rid of CO, before titrating. 

As regards the statements of Arnold and Mentzel? that Folin’s 
method is unreliable owing to the fact that not only is urea broken 
down but that uric acid, hippuric acid, and creatine suffer the same fate. 
I have tried controls with uric and hippuric acids, using in both cases 
absolutely pure specimens, with negative results. Folin himself 
suggested that the specimens Arnold and Mentzel used were impure. 

1 Must not add too much NaOH to the distilling flask or bumping during distillation 


will be excessive. , 
2 Zeit. f. physiol. Chem. xxxvi. p. 49. 1902, 
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Creatine I have unfortunately not been able to test as I was unable 
_ to progure a pure sample. Folin’ has tried with pure creatine but 
_ with negative results. 

One substance, allantoin, which is said to occur in normal urine in 
very small amount, in larger amount in urine of new born children and 
during pregnancy, does give rise to ammonia on being treated by 
Folin’s method. As normally it is only present in traces it need not 
be seriously considered as an objection to the method of urea determina- 
just described. 


* Zeit, f. physiol. Chem. xxxvu. p. 548.1903 ; Amer. Journ, of Physiol. xin. p. 45. 1905. 


; 
- 
£4 
os 
P 
q 
F 
fe’ 
Be 
a 
+ 
oF 
4 
< 
* 
ted 
"2a 
ad 
4 
fj 
4 v 
tg 
ag 


PROCEEDINGS 


PHYSIOLOGICAL SOCIETY, 
Dee. 15, 1906. 


of the Festus. By J. 
and W. CRAMER. 


Though the presence of glycogen has been in the placente 
of certain animals for nearly 50 years, no attempt has been made to 
trace by systematic chemical examination its variations during 
pregnancy, or its relations to the glycogen cuntained in the foetus. 

In the present investigation quantitative estimations were made 
by Pfiiiger’s method in an age-series of pregnant rabbits from the 
18th day to the end of gestation, the intervals between each two being 
approximately 24 hours. Glycogen was estimated separately in 

(1) the maternal placenta, 

(2) the fetal placenta. 
The mechanical separation of the two parts of the rabbit's sein 
is not quite accurate, a small part of the maternal tissue remaining 
adherent to the foetal (see below) 

(3) the foetal liver, 

(4) the remainder of the foetal body. 

The results show that at the earlier dates the maternal placenta 
possesses a considerable store of glycogen, its percentage amount 
being quite comparable with that of a normal adult liver, It remains 
constant until the 24th day, and then a distinct and progressive 


decrease occurs each day till the end of gestation. Some glycogen 


still remains at the end of pregnancy. 
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The fall during the last week is even more marked in the 


figures obtained from the analyses of the fetal placente. From 
histological observation it is certain that all or practically all the 
glycogen found here is derived from the peninsule of maternal 
tissue which project down between the villi and are left behind 
in the mechanical separation. Hence it really forms part of the 
store of the maternal placenta, but it is important as representing a 
- special fraction of the glycogen. This is the part most readily 
available for the fotus, and in its variations we expect any change 
in the metabolism of the developing fetus to be most accurately 
reflected. The figures bear this out. Thus the sudden drop in the 
percentage noted in the maternal placenta at the 25th day is even 
better marked here, and the continuous decrease during the last week 
of gestation corresponds accurately with a steady increase in the 
glycogen of the foetal liver. In addition this part of the placenta 
is entirely deprived of its glycogen towards the end of pregnancy 
although the maternal placenta still contains some in its more distant 


The results present a striking relation to those obtained from 
the analyses of foetal livers. In the latter, though definite amounts 
of glycogen are found at dates when histological examination proves 
negative, the percentage is very low up to the 25th day when for the 
first time it rises above that of the rest of the fcetal bodies. This 
therefore represents the date at which the liver assumes its adult 
glycogenic function. It will be noted that the time coincides 
accurately with the beginning of the decrease in the placental gly- 
cogen. After this date the percentage of the liver glycogen rapidly 
increases, but even at birth, it falls short of the average found in the 
liver of an adult rabbit. 

Neither the placental store of glycogen nor that of the fostal liver 
is affected by feeding the animals on a diet rich in carbohydrates. 

There is a marked correspondence between the foetal weight and the 
percentage amount of fotal glycogen, suggesting that a close relation 
exists between the growth of the foetus and the glycogen metabolism. 
In normal animals the two show an approximately proportional increase 


throughout the series, while in exceptional cases where the foetuses are 


badly nourished and have an abnormally low weight, the percentage of 
glycogen is diminished both in the foetal livers and in the rest of the 
foetal bodies although the placental glycogen remains unchanged. 
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On Fibrinolysis. By S. N. Prvxus, Ph.D. 


It has been known for a long time that blood-fibrin when left in 
contact with its blood dissolves, sometimes to a very considerable 
degree’; also that it dissolves in concentrated saline solutions forming 
at least two globulins. The observation that a sample of fibrin from 
ox-blood would not dissolve under this latter condition gave rise to a 
closer investigation, in the course of which it was found that fibrin 
dissolves also, if left in contact with chloroform-water with all pre- 
cautions of perfect bacterial sterility with remarkable regularity as 
regards time for each s species of animals after a period of apparent 
latency, during which there ts no appreciable change in weight. A 
fibrin which has not dissolved on the 22nd day, will not dissolve at all. 

~The blood is drawn under strictly aseptic conditions, the clot cut 
with sterile scissors under boiled water containing freshly distilled acid- 
free chloroform, washed in changes of boiled water in a closed funnel 
with a wide-bore stopcock, till blood-free, and distributed into sterilized 
test tubes with all precaution to avoid bacterial contamination’. 

The dissolution of the fibrin takes place as follows: on the 15—17th 
day the single pieces begin to lose their sharp outlines and to look 
transparent at the edges, just as if they were undergoing peptic 
digestion; then 3—7 days later, te. on the 18th, or at latest the 
22nd day, they are found to dissolve almost suddenly. A deposit 
composed mainly of leucocytes and blood-cell débris settles down. The 
supernatant liquid contains coagulable proteins, globulins, which are 
not always identical (as regards coagulation-point, solubility in saline 
solutions) with those obtained by the action of strong salines on fibrin. 

If the carefully washed fibrin is placed into chloroform instead of 
chloroform-water, the change is very peculiar, Fibrinolysis occurs all 
the same, and on the same day on which a test sample will dissolve in 
chloroform-water; instead, however, of a solution a thick granular 


1 The quantity of clot dissolved within 48 hours at ordinary temperature varies 
exceedingly, from 8—8 °/,; it will vary within almost the same limits, if the blood be 
taken from the animal at different periods. 

2 As work proceeded it soon became manifest that these elaborate precautions were not 
. essential, It was sufficient to wash the minced clot with sterilized chloroform-water, shake 
b, it up, when blood-free with some chloroform and then to fill up with boiled water, shaking 
. well, There was not a single instance of bacterial contamination. 
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i coagulated curd is formed. This is easily accounted for by the fact that — 


the globulins of fibrolysates are slowly coagulated by chloroform. 

Fibrinolysis, as described, takes place in the blood of most of the 
herbivora : horse, sheep, goat, cattle, guinea-pig and rabbit. The best 
results were obtained in normal males and pregnant females. The 
fibrin of castrated animals remains in most cases insoluble by fibrino- 
lysis. 
In man, dog and pig, the vienlta were not quite definite ; cat’s arin 
remained insoluble in 7 cases out of 9. 

Variations of temperature between 10-40° C. show little (ithsientes 
upon fibrinolysis ; temperatures below 10° retard, temperatures above 
40° entirely inhibit it. If the fibrin is extracted in the cold with 5°/, 
AmCl, KNO,, 7°5°/, NaCl, alcohol-free ether, it does not undergo 
fibrinolysis, nor yet (with the exception of the ether-treated) Salkowski’s 
Autolysis, Altogether, the process is very capricious; even in one and 
the same animal the variations are extreme. | 
A few experiments were performed with fibrin obtained from 

plasma—oil-, oxalate and salt-plasma, and that syphoned off chilled 

blood, that was collected in a paraffined vessel. The fibrin was, of 
course, taken only from cases where it had shown fibrinolysis, when 
prepared from the clot. Before clotting the fibrinogen solution was 
well centrifuged. Out of 11 cases only three showed fibrinolysis. 

As to the preparation of fibrinogen—which soon becomes 


insoluble if obtained by precipitation with a saturated NaCl-— 


 solution,—it is better precipitated by adding 40°/, of a saturated 
solution of ammonium sulphate to the plasma, which should be diluted 
so as to contain not more than 2°/, protein. The precipitate is placed 
on a porous plate and this into a vacuum: desiccator, not over sulphuric 
acid, but over soda-lime. On drying, the protein adheres to the plate, 
the salt coming out -as a fluffy efflorescence. This is removed with a 
brush, the plate broken and extracted. The solution will be found to 
contain very little ammonium sulphate. This simple method may be 


recommended for the preparation of any proteins precipitated with the 
said salt, 
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_ A farther note on the uniformity of the H : N quotient in cases 
of Alkaptonuria. By ArcHiBaLp E. Garrop and T. SHIRLEY 
HELE. 


_ The present note forms a supplement to a previous paper’ in which 


we recorded some observations on the in two 
nitrogen 
cases of alkaptonuria and pointed out that these, taken in conjunction 


with similar observations upon two other patients, by Erich Meyer, 
Langstein and Falta, and by Schumm respectively, rendered it 
more than probable that there is only one degree of alkaptonuria, and 
that in all cases the metabolic error is complete, the homogentisic acid 
_ exereted representing the whole of the tyrosin and phenyl-alanin in the 
proteins broken down. The similarity of the results was rendered the 
more striking by the fact that no strictly uniform standard diet was 
given in the several cases. 

_ Having recently had under phaiceation a fresh alkaptonuric, a little 
girl, aged three years, we are now able to contribute a fifth case to the 
series. 

Seeing that the estimations of homogentisic acid were in 1 this 
instance made by the corrected method’, 8°/, ammonia being employed, 
they are not strictly comparable with those given in the former paper, 
with the exception of the second series of observations upon the patient 
T. P. However the error introduced by the use of 3°/, ammonia is fairly 
constant, and may be roughly corrected by adding 5°8 to the homogentisic 
acid percentage in éach quotient so obtained. When this is done the 
averages of the several sets of quotients quoted in the former paper will 
read as follows: 


1 This Journal, xxxut. p. 198. 1905. 
2 Garrodand Hurtley. Ibid. p. 206. 


§ 
= 
| 
“3 
tg 
3. 
aa 
H. N, 
] ries a 49°8 : 100 : 
or 8ie Case. 
i 
b 47°4: 100 
49°9 : 100 
c 
d 45-9 : 100 
h 49°8 : 100 
umm s case... 
P ries 45°8 : 100 
omas fr. a 
b §2°3 : 100 9 
eee 
Albert P 55°5 : 100 q 
een ese , “a 
q é 
+ 
4 
i] 


xvi PROCEEDINGS OF THE PHYS. SOC., DEO. 15, 1906. 


The observations upon the new case, carried out whilst the child 
was taking a uniform mixed diet, sigs the were results: 


M. L., Female, at. 8 years. | 
: Date Homogentisic acid Nitrogen H: N quotient 


Oct. 14, 06 2068 gra, 4-260 100 
15 2-230 . 82°8 
16 8-299 6-828 
17 1-707 8°755 45°4 
18 2-096 4-661 
19 «0870 2°155 40°83 
1392 2-749 50°6 
21 0-999 19°5 


The eccentric quotient of October 21st was amply confirmed, but 
since the following days were not included in the series, it may be 
omitted in considering the results. The lowness of this quotient was — 
apparently due rather to an increased output of nitrogen than to any 
conspicuous diminution of that of homogentisic acid. 

The average quotient for the seven remaining days, Oct. 14th.—20th. 


_ inclusive, is 449: 100, and there can be little doubt that in this case 


also the error is of like degree. The resemblance is rendered still more 
obvious if the daily quotients are compared with those obtained in the 
previous cases, when these latter are corrected for the error due to the 
use of 3°/, ammonia. 
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Proteid Nomenclature. 


A Committee of the Society was appointed at the Annual General — 
Meeting of the Society on 20th January, 1906, to consider and report 
on the question of Proteid Nomenclature. The Committee presented 
the following Report :— 


It is well known that much confusion arises at the present time 
from the lack of any understanding, either here or abroad, as to the 
exact sense in which the various names applied to proteins (Protein- 
stoffe, Eiweisskérper, Albuminoids) and their derivatives shall be 
used. No little difficulty is created by the use of a term in different 
senses, as well as ambiguity of meaning in some cases. It appeared 
desirable, therefore, to lay down rules for the guidance of students 
and workers, at all events in this country, which would tend to 
promote some degree of uniformity of usage. It is obviously desir- 
able to retain existing terms as far as possible, especially as it is 
clear that the time is not yet come to coin strictly systematic names 
and that only provisional recommendations are desirable in the 
existing state of knowledge. | 

The following report is the outcome of a prolonged consideration of 
the subject by a number of chemists and physiologists. The original 
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Committee was called into being by the Physiological Society, its 
members being nominated by this Society in conjunction with the 
Chemical Society. The report of the Committee was subjected to 
criticism, both by the Physiological Society and by the Publication 
Committee of the Chemical Society. At the instance of the latter 
body a number of chemists specially interested in the subject then 
took the matter into consideration in conjunction’ with a few repre- 
sentatives of the Physiological Society; finally, a draft report embodying 
the conclusions arrived at was prepared by Drs Halliburton and 
Hopkins, which was considered and amended at a meeting of the 
Publication Committee of the Chemical Society, at which the physio- 
logists were present. 


Recommendations. 


I, The word Proteid—which is used in different senses in this 
country and in Germany—should be abolished. | 

II. The word Protein is recommended as the general name of the 
whole group of substances under consideration. It is at present so used 
both in America and Germany. It admits readily of the use of such 
derived words as protease and proteose. If used at all, the term 
Albuminoid should be regarded as a synonym of protein. 

The sub-classes should be as follows :— 

1, Protamines. These are simple members of the group. . They 
are exemplified by substances like salmine and sturine which have 
been separated from fish-sperm. 

2. Histones. These are more complex substances: this and the 
previous class probably pass gradually into one another. The class is 

exemplified by the histones separated by Kossel from blood corpuscles; 

precipitability by ammonia is one of their distinguishing features. 

3. Albumins. These are proteins of which egg-albumin and serum- 
albumin may be taken as typical examples. 

4. Globulins. These are proteins which differ from the albumins 
in solubility; they are more~readily “salted out” of solution than the 
albumins. They are exemplified by serum-globulin and fibrinogen. 
The class should also include certain derivatives of globulins such as 
fibrin and myosin. 

N.B.—The carbohydrate radical separable in small quantities 
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from many members of Classes 3 and 4 is probably not to be con- 
sidered as a prosthetic group, as it is in the gluco-proteins (see below). 

‘N.B.—It appeared advisable, especially from the teachers’ stand- 
point, to introduce a general term to include proteins coagulable by 
heat (Classes 3 and 4); but a term likely to meet with general 
acceptance has not yet been suggested. 

5. Sclero-proteins. This new word takes the place of the word 
albuminoid in the limited sense in which the majority of physiologists 
have been accustomed to use it. It includes such substances as gelatin 
and keratin; the prefix indicates the skeletal origin and often insoluble. 
nature. of its members. 

6. Phospho-proteins. This class includes such substances as vitellin 
and caseinogen with its derivative casein. The prefix nucleo- frequently 
used in relation to this class is incorrect and misleading. 

7. Conjugated proteins. These are substances in which the protein 
molecule is united to a “prosthetic group.” The principal subdivisions 
are 

a. Nucleo-proteins. 

b. Gluco-proteins (e.g., mucin). 

c. Chromo-proteins (¢.g., hzemoglobin). 

8. Derivatives of Proteins, Of these the products of protein- 
hydrolysis (a term preferable to proteolysis’) are those which require 
special attention. These should be classified as follows :— 

a. Meta-proteins. This term is suggested in place of albuminate 
(acid-albumin, alkali-albumin), which is objectionable because (1) these 
products are obtainable from both albumins and globulins, also (2) 
because the termination -ate implies a salt. 

b. Proteoses, This term includes albumose, globulose, gelatose, etc. 
The subdivision of these into proto-, hetero-, deutero-proteoses, etc., and 
the various modifications of Kiihne’s original classification have been 
considered ; the whole subject is, however, at present too unsettled for 
any final nomenclature of these subdivisions to be proposed. 

c. Peptones. This term should be restricted to the further pro- 
ducts of hydrolysis which differ from the proteoses inasmuch as they 


1 Although mindful of the unfortunate fact that terms such as proteolysis fail to convey 
a meaning in harmony with that which is conveyed by the terms electrolysis and hydro- 
lysis (on which they are moulded) of decomposition by, the Committee have not ventured to 
deal with the difficulty ; they recognise, however, that the practice is one to be obviated, 
if possible (compare Armstrong, Proc. Roy. Soc., 1904, txxut., 500). ° 
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cannot be salted out from solution and usually resemble them in giving 
the biuret test. ' 

N.B=—It has been vointed out that certain vegetable products 
_ hitherto regarded as peptones do not give the biuret test. It does not 
appear possible to bring such exceptional substances into any general 
classification at present. The same difficulty in classification arises in 
connexion with certain other vegetable proteins; for instance, those 
which like gliadin are soluble in alcohol. 

d. Polypeptides. The majority of the polypeptides are synthetical 
substances, Some, however, have been separated from the products 
of protein-hydrolysis and it is therefore advisable to include them in 
the present classification. They are products of cleavage beyond the 
peptone stage and consist of two or more amino-acids in association ; 
the majority of those hitherto prepared do not give the biuret test. 

IV. The term caseinogen should be used for the principal protein 
in milk; and casein for its derivative which is the result of the action 
of rennet. 

VY. The two principal proteins of the muscle plasma should be 
termed paramyosinogen and myosinogen; the term soluble myosin 
should take the place of v. Ftirth’s soluble myogen-fibrin ; the term 
myosin should be restricted to the final product formed during rigor 


The Society resolved that the Report be provisionally approved. 

The Society also resolved that the Report should be published in 
the Proceedings of the Physiological Society in order that the proposed 
alterations might be more extensively circulated. The Society further 
resolved that the Report should form the basis of a discussion at the 
forthcoming International Physiological Congress at Heidelberg, the 
discussion to be introduced by Dr Hopkins. The question having 
also been considered by the American Physiological Society, who have 
referred it to a Committee, the Society decided that the matter should 


be again brought forward when the Report of that Committee has 
been received. 
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The effects of partial nephrectomy in Cats. By F. A. 
and A. P. Bepparp, 


We have investigated the effects produced by the removal of the 
greater part of the total kidney weight of cats; a portion of one kidney 
was excised at the first operation, and some weeks later the opposite — 
kidney was removed. The urine and fzeces were collected daily and 
analysed; the total nitrogen of the food was also estimated. 

After the second operation, the. cats refused food, and steadily lost 
weight : death took place in a few days or weeks, The daily loss of 
weight was about 100 grs., an amount not greater ‘than that lost. by 
normal cats kept without food for 24 hours, | 

Bradford observed, after removal of $ or more of the total kidney 
weight of dogs, an increased output of urinary nitrogen; in some 
experiments the animals passed as much nitrogen after the second 
operation, when they took no food, as they had done on a full diet before 
operation. He concluded that, in the absence of sufficient kidney 
substance, nitrogenous metabolism became excessive. 

We find, firstly, that the second operation is not invariably followed 
by an increased output of nitrogen. Normal cats, kept without food for 
24 hours, excrete about 1 gr. nitrogen in their urine; and one cat, after 
removal of } of its total kidney weight, never passed more than 1 gr. 

nitrogen daily, unless it took food. 

‘Secondly, two cats, which refused food after the second operation, 
showed an increased output of urinary nitrogen during the last few days 
of life; but the amount excreted was much smaller than that sai by 
the same cats on a full diet before operation, 

_ Thirdly, the output of urinary nitrogen did not rise until the 
animals had lost about 25°/, of their body weight. Many observers 
have shown that a rise of urinary nitrogen. occurs in starving animals, 
when the body fat has been largely used up, and energy has to be 
supplied by an increased proteid catabolism; the period at which 
this rise occurs is determined by the animal’s initial store vf fat, 
but usually coincides with a loss of 20—25°/, of the original body 
weight, 

We conclude, therefore, that the increased output of nitrogen, 
observed in cats deprived of # or more of their kidneys, is the result of 
inanition, and is of the same nature as that seen in normal starving cats ; 
we find no evidence that the kidneys directly influence nitrogenous 
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metabolism. Bradford observed that dogs, after excision of part of one 
kidney, passed abundant dilute urine, and were apparently unable to 
secrete a concentrated urine. We find, however, that, under the same 
conditions, cats can still pass a concentrated urine, and that its amount 
is not greater than normal. Even after the second operation, the urine 
is not excessive in amount, and is not notably dilute. 

All the cats showed retention of nitrogen after the first operation : 
about 1 gr.*/, was retained daily. Retention also occurred after the 
second operation, in the case of one cat, which ate well for some days. 
Analysis, by Schryver’s method, of the blood, liver and muscles showed 
a marked increase both in the actual amount of residual nitrogen and 
in its percentage relatively to the total nitrogen as compared with the 
figures given by control animals. The control analyses were made on a 
normal cat, and on the organs of a cat, which, after a different operation, 
refused food for several days, and had lost 30°/, of its weight, when 
killed ; the figures, obtained from these two cats were almost identical, 
whereas those from the cats, after the kidney operations, were much 
higher, especially for the liver, in which 30 ‘he ¢ of the total nitrogen was 
in the form of residual nitrogen. 


On the time-relations of the spontaneous tremor of the 


- diaphragm. By D. F. Harris. 


The rhythms of all spontaneous tremors are of importance in 
connection with the study of protoplasmic periodicities, and as affording 
data for any theory of rhythmicality. 

If the surviving diaphragm be carefully observed in, for instance, a 
rabbit which has been brain-pithed and in which the phrenics have 
been divided, it will be found to be exhibiting “ spontaneous ” tremor. 

My tracing shows portion of the record of a tremor which was under 
observation for 45 minutes in an eviscerated rabbit whose brain had 
been destroyed (after the medulla had been cut through in anaesthesia), 
and in which both phrenics were divided. A hook was fixed in the 
margin of tho central tendon a little to the left of the middle line, and 
a silk cord passed thence over a pulley to an unweighted lever giving 
an amplification of five or six. 

The diaphragm was excitable up to an hour after the death of 
the rabbit. The tremor varied from a maximum rhythm of 10 per 
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second to a minimum of 5 per second, 6 per second being most 
frequently counted. 

It will be noticed that this spontaneous tremor is of the same order 
of rhythm as the post-tetanic tremor in skeletal muscle’. 


A simple preparation for studying the spontaneous con- 
tractions of unstriated — suitable for class-work. By 
G. R. Mines. 


The anterior part of the alimentary canal of Lumbricus is exposed 
by a slit in the dorsal body- wall. 

Two loops of ‘silk are tied so as to include between them the crop, 
gizzard and part of the esophagus. This part of the yut is then 
removed, and may be conveniently suspended by attaching one end, 
with a silk thread, to the frog-heart-lever described by Brodie’. The 
other end is fastened to a hook at the extremity of the horizontal limb — 
of an L-shaped glass rod, immersed in a beaker of Ringer's solution. 

The movements of the lever are recorded on a slowly-moving drum. 

The influence of temperature on the rhythm can eusily be shown by © 
substituting beakers containing Ringer’s solution at different tem- 
peratures, and similarly the effect of various saline solutions on the tone 
of the muscle may be investigated. | 

The rhythmic contractions may continue for several days. 


1D. F. Harris and W. Moodie, Proc. Phys. Soc. June 2, 1906. 
2 Proc, Phys, Soc. 1902, p. xxxi. 
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_ Note on the occurrence of n. Octoic (Caprylic) acid in the 
butyric fermentation; and, the constitution of the hexoic 
acid in butter fat. By H. S. Rapsr. 


(a) The occurrence of n. Octoic (Caprylic) avid in the butyric 
Sermentation. 


It has been suggested by Nencki, that in the butyric fermentation — 
of kactic acid, the latter splits up into a molecule of formic acid and a 
molecule of acetaldehyde thus :— 


CH,. CHOH .COOH = CH,. CHO + H.COOH. 


_ Two molecules of aldehyde then unite to give butyric acid, 
C,H,COOH. 

_ This suggestion has been developed by Magnus-Levy (Arch. Sir. 

Anat. und. Physiol. 1901), and by Leathes (Problems in Animal 

Metabolism, London, 1906, pp. 81—86), who suggest that by a further 


union of aldehyde molecules and ensuing reduction, higher fatty acids 
could be formed. The butyric fermentation would thus represent the 
_ first stage of a reaction which goes to completion when fats are formed. 
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The fact that n. Hexoic (Caproic) acid, C,H,,COOH, is a regular 
product of the butyric fermentation, supports this view. None of the 
higher members of the series of naturally occurring fatty acids have 
been noted however, and it was to determine whether any of these were 
present in the products of the butyric fermentation that the present 


investigation was undertaken. 


A kilo. of crude butyric acid residues was obtained from Kahlbaum 


_ and carefully fractionated. The greater part of the acid boiled below 


215° and was found to consist of n. hexoic acid. 8 gms. were obtained 
boiling above 215° and of this 25 grams distilled at 225—232°. In 
order to determine whether this was caprylic acid, it was converted into 
the acid chloride by means of phosphorus trichloride, and this in turn 
into the amide by the action of ammonia. After crystallising from 
petroleum ether and then from hot water, the amide melted sharply at 
105 —106°, which coincides with the melting point of caprylamide. 

On analyeis :—0°1104 gm. gave NH, corresponding to 7:90 cc. 
NH,=100%/,N. Calculated for C,H,NO.98 

The fraction boiling at 215—-225° was neutralised with baryta and 
the solution evaporated to 50 c.c. The barium salt which had separated 
was filtered off aud the free acid obtained from it by means of hydrochloric 
acid. This was then converted into the amide which melted at 105-6° 
and was therefore caprylamide. | 

The solution containing the soluble barium salt was evaporated to 
dryness, dried at’ 120° and analysed. 03724 gm. gave 02356 gm. 


BaSO,=37°20°/, Ba. Calculated for barium caproate 37°77 */, Ba. 


The fraction 215—225° therefore consisted of caproic and caprylic 
acids. As this fraction would also contain any heptoic acid if present, 
one must conclude that it is not one of the products of fermentation. 

The residue after the fractionation. was too small to admit of further 
investigation. 


(b) The constitution of the heaoic acid in butter fat. 


- The constitution usually assigned to the hexoic acid in butter fat is 

(CH,),CH .CH,.CH,COOH. That is to say, the acid is described as 
having a branched and not a straight chain of carbon atoms. It is thus 
different from practically all the other members of the series of naturally 
occurring fatty acids, which have a straight chain. Further, its 
formation could not be explained in accordance with the views of 
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Leathes, as stated above. Chevreul (Recherches sur les corps gras, 
1823), is generally referred to as having determined the constitution of 
the acid, but in the original work nothing could be found in reference to 
the constitution of the hexoic acid he isolated from butter fat. 

In order definitely to settle the constitution of the acid, 400 gms. of 
butter were saponified with potassium hydroxide, and the acids liberated 
by means of sulphuric acid. The volatile acids were distilled off in a 
current of steam and were separated by fractional distillation. 

The fractions boiling at 192—200°, and 200—210°, were converted 
into their acid chlorides and then in turn into the amides. After two 
crystallisations from water both melted sharply at 100°. The isocaproic 
acid usually stated to exist in butter fat boils at 197° and gives an 
amide melting at 120°; normal hexoamide (caproamide) melts at 100°. 
The hexoic acid in butter fat is therefore not anomalous in having a 
branched chain, but is normal hexoic (caproic) acid. 


A delicate form of volume-recorder. By W. E. Dixon. 


This recorder is of very simple construction and costs practically 
nothing : it is sensitive to such a degree that it may be used to record 
the movements (heart beats etc.) of the fluid in a manometer which is 
connected with one innominate artery of a pithied frog, or to record the 
changes in volume of a frog’s limb. 

It consists essentially of three parts; the first A is the bag the 
volume of which varies according to the amount of air it contains, 
‘the second a support Band H and the third the writing lever P with 
its support C. 

“ A” is formed from the large intestine of a frog. The frog being 
opened the large intestine is first emptied and tied off with thread 
where it joins the small intestine; this thread is kept 5 or 6 inches 
long for future use. The other end is now tied onto a groove on a 
4 mm. glass tube B. 

_ The second essential is the vertical tube B which has the rectum A 


attached to it above, and which is firmly fixed by passing through 
a solid piece of cork H. 
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The third essential is the mechanism, by means of which the 
alterations in volume of A may be registered. This consists of a small 
piece of cork C, to the centre of which the rectum A is attached by 
means of the thread previously mentioned. The cork C besides being 
fixed to A is also fixed at its posterior end by means of two threads to 
a piece of very fine glass tubing. Through this tubing a needle passes 
so that the cork 0 with the attached glass tubing is free to revolve 
round £, Lateral movement of the tube D on the needle F is prevented 
by two small glass beads and two small bits of cork. The needle is 
fixed into two corks F which by means of the bent knitting needle are 
attached to the cork support H. It is thus evident from an inspection 


Fig. 1. Side elevation. 
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of Fig. 1, that CO and the accessories attached to it can be advanced 
boeey forwards by moving the knitting needle C round its axis in H. 
The rectum if kept moist with glycerin remains supple for an 
indefinite time and never becomes leaky. | 
In order to record volume changes all that is necessary is to connect 
K with the oncometer, and then by pushing the glass tube K further 
into the larger tube-B, with which it is connected by the rubber 
_ tubing Z, raise the lever to a suitable height. The object of the two 
_ tubes moving one within the other and made air-tight by the rubber 
_ sleeve Z is to do away with a side tube which for so delicate a recorder 
cannot be easily manipulated. The position of the lever may also be 
_ varied by rotating G forwards or backwards. 
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The velocity and nature of the Blood emerging from the 
Submaxillary Gland of the Cat during stimulation of the 
Cervical Sympathetic Nerve. By J. Barcrort. 


(Preliminary communication.) 


The rates of flow of saliva and blood emerging from the submaxillary 
gland may be conveniently compared by allowing the fluids to run into 
tubes connected with cannule in Wharton’s duct, and in some vein to 
which blood from the submaxillary (and that alone) has access. The 
position of the meniscus is marked every ten seconds. The following 
readings were obtained in one of numerous experiments. The readings 
are in millimetres along the tubes. | 

Saliva 0 0 eee 5 0 0 eS. 7 
Again iu another cat 

Blood 30 2 30* 7 

Saliva 1 1 1 
Again | 

“Blood 30° 30 18 58 71 29 28 

Saliva 0 18 2 1 2 1 1 

In each of these experiments stimulation of the sympsthetic was 
maintained from the end of the period marked (*) onwards. The 
stimulus in each case caused a flow of saliva which shortly reaches 
@ maximum, vasoconstriction sets in at once, but this is followed by 
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| dilation. which lasts a short time. The dilation follows upon the flow 
of saliva, and may be attributed to the metabolites from the gland 
acting directly upon the vessels. For a while the blood-flow is com- 
parable to that caused by chorda stimulation, yet it does not lead to 
any flow of saliva. The blood which emerges from the gland contains 
the same percentage of hemoglobin (in some cases slightly less) as 
the arterial blood. 


- ., The Temperature of the Normal Monkey. By J. W. H. 
Eyre and Capt. J. C. Kennepy, R.A.M.C. 


The following observations were carried out during July and 
August, 1906, on a batch of monkeys (Rhesus macacus) newly 
arrived in Malta from Calcutta, for use by the Working Party of the 
Mediterranean Fever Commission. 

At that time we were not in possession of the paper by Simpson 
and Galbraith’, detailing their comprehensive observations, and fixing 
the normal rectal temperature of Rhesus at 38° C.; but as our results 
closely resemble theirs we have not hesitated to record them. 

The 40 monkeys were housed in one or other of the large rooms of 

the Lazzaretto, a thick walled stone building on the shores of the 
- Quarantine Harbour. The rooms were well lit during the forenoon, 
but gloomy in the afternoon; roomy, and well ventilated, the windows — 
being replaced by frames covered with mosquito netting. The tem- 
perature.of the rooms, which varied but little throughout the 24 hours, 
ranged from 25°C. to 32° C. and averaged 27°5° C. 

Kach animal was fastened to a staple in the wall by means of a 
chain about 1°5 metres long, was fed upon a uniform diet of rice, apples, 
sugar, and sterilised goat’s milk, and attended by a trained Laboratory 
assistant, who was very fond of his charges, and remarkably successful 
in taming them. 

_ Twice daily, between 7 and 8 a.m., and again between 5 and 6 p.m., 
the rectal temperatures were taken, and the technique followed was 
strictly comparable to that adopted by one of the present observers 
in noting the temperature of the normal guinea-pig’. 

The results obtained are analysed in the accompanying table. 


} Ligature of the duct reduces the dilation caused by stimulation of the chorda 
tympani, 

* Trans. Roy. Soc. Edin. xiv. Part 1, pp. 65—104. 

3 See Proc. Phys. Soc., Oct. 20th, 1900. 
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No. of Minimum Maximum 

No. A.M, A.M P.M. A.M, P.M. A.M, P.M. 
190 15 38-4 38°7 37-9 88:1 39-0 
191 15 88°2 38°6 87°8 88-1 38°9 89°3 
193 15 38:1 88°6 87-8 89-1 
194 15 38°1 37°8 38°1 38°6 39°4 

- 195 15 38°4 88°7 88°9 89°6 
196 15 38°5 37°6 37°9 38°7 89°4 
38°4 88°6 88°0 39°0 39°3 
198 15 88°3 38°8 37°9 88:1 89°4 39°3 
199 15 38°8 87'8 38-1 88°7 89-1 


or 


42 88°3 87°8 87°9 39°7 
Combining these figures we get 
Total No. of Total Mean of Maximum Minimum 
observed observations observations recorded recorded 
40 a.m. 1476 88°22 40°0 36°4 
pm. 1471 38°62 39°9  B7°6 


while the average rectal temperature, as deduced from 2947 observa- 
tions upon 40 monkeys, works out as 38°42° C. 


Monkey Temperatures. 
42 38°7 87-9 88-2 89°4 89°8 
51 38-3 38°6 87°8 88-2 39°1 89°4 
42 38-4 37°2 87-7 890 89-1 4 
i 51 38-2 38°6 87°5 87°9 89°1 39°6 a 
51. «88°83 88°5 87°8 87°8 39°2 
5 15 884 887 881 890 896 
51 38-3 38°6 87°6 87-9 89°2 89-2 
44 88°6 36°9 37°8 89°2 
51 87°9 38°7 36°4 37°6 38°7 89-0 
1 51 38°1 88°5 87;8 88:7 89-0 
51 88-1 38°4 87°5 379 889 89°1 3 
1 51 88-1 88-4 837°6 37°8 
51 38°1 87°5 378 888 39:0 
51 87°5 87°8 88°8 38-9 
1 51 38-1 38-4 87-8 88-9 39-0 4 
1 51 381 38°4 37°38 87°9 38°9 39°2 q 
1 51 38-2 38°4 87°3 87:8 89°1 39-1 
38°5 38-0 89-1 89°38 
1 51 38:1 38°6 87°7 39-0 89°8 
2 32 38-2 88°7 87°6 38°9 39°8 
1 51 88°7 87:1 38-2 38°9 89°1 4 
24 38°4 38°7 87°6 37°8 39-0 89-2 
2 82 38°3 38°6 37°6 87°8 89°1 89°2 
1 51 38°6 87°7 87°7 39°4 39°7 
1 51 88-1 38-5 87-0 87°6 39°1 
1 51 38-1 38°5 86:9 38-1 39°0 
5 15 38°7 88°8 87°9 38-3 40-0 89-4 4 
2 383 888 879 888 3892 3899 
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‘Note on the action of Hydrogen Peroxide on Hemin. By 
J. A. Garpner and G. A. BucKMASTER. 


~~ About 50 grammes of hemin were prepared from defibrinated 
sheep's blood by Schalfijew’s method and purified by a method 
suggested by Kiister’. Forty grammes of hemin were dissolved in 
400 cc. of pyridin and 2000c.c. of chloroform. The mixture was 
thoroughly shaken for half an hour and filtered. The filtrate was then 
poured into 6000 c.c. of glacial acetic acid which had been previously 
saturated with NaCl. The mixture was now heated to 105°C. and 
20 cc. of strong HCl added. After 24 hours the crystals which 
separate out were filtered off, well washed with very dilute HCl and 
dried in vacuo over potash. The yield of crystals is about two-thirds 
of the hemin taken. 

Oxygen is evolved by the action on purified hemin crystals of 
absolutely pure H,O, even in very dilute solution, when no change, 
as far as the hemin was concerned, could be observed to occur on 
examination under the microscope. We therefore thought that the 
action might be one of catalysis, and therefore experiments were 
instituted to determine the rate of evolution of oxygen. 

The first experiments were made with purified H,O,, 0:3 °/, strength. 
The vessels used were lined with paraffin to avoid any action on the 
glass. We found that the oxygen evolved after the reaction had 
continued for many hours was a few c.c. less than the theoretical value 
would have been if the H,O, had yielded all its oxygen. Examination 
of the solution at the end of the reaction showed quite apparent traces 
of ferric chloride and free hydrochloric acid. Some chemical action had 
_ therefore taken place. Large quantities of hamin were therefore now 
treated with large excess of 100°/, by volume of H,O, as supplied by 
Merck. The action was somewhat violent at first, a great quantity of 

heat being evolved and the liquid being often raised to the boiling 
- point. After a time the action proceeded more slowly, and after two 
or three days the last traces of the hamin disappeared. The traces of 
black crystalline substance still remaining after many hours’ action were 
examined under the microscope and found to consist of corroded heemin 
crystals as the accompanying drawing shows. 


~ 1 Zeitechrift-f. physiol. Chemie, xu, p. 898. 1908 and 1904. 
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The chief products of the reaction were found to be carbon dioxide 
and oxalic acid, the relative proportions of which depended on the 
general conditions of the reaction. In addition to these, complex 
organic acids to the amount of 2—4°/, of the weight of the hemin 
taken were also formed. These substances from the behaviour of their 
calcium salts were evidently identical with the oxidation products 
described by Kiister, though he is od a different method of 
oxidation. 


Hemin crystals corroded by H,0,. x 80. 


The chlorine and the iron are all liberated in the reaction. The 
precipitation of iron or chlorine from the solution obtained by the 
action of H,O, on hemin by the ordinary methods form a convenient 
way of estimating these constituents and affords a ready criterion for 
the purity of hemin. The mean of two determinations of the iron 
gave 874; Kiister’s formula required 8°78. 

In the oxidation of hemin only about two-thirds of the nitrogen 
appears to be left in the form of ammonium salts, On distilling the 
oxidation-liquor with sodium carbonate 6°8°/, of nitrogen was found. 
On distillation with barium carbonate in two experiments 5°5 and 5°8°/, 
of nitrogen was found. Kiister’s formula required 8°82. On distilla- 
tion with barium hydroxide 8, 87 and 7:9°/, of nitrogen was found. 
The ammonia came over very slowly towards the end of the experiment 
and was still coming over when the distillations were discontinued. 
Apparently therefore about two-thirds of the nitrogen was present in 
the solution as an ammonium salt and the rest was probably i in the 
form of an acid amide. 
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Further investigation of the small quantities of hematinic acids 
was not continued as during our work we became aware of a paper in 
which Ktister had recognised these among the products of the 
oxidation of hematin by H,0,. 

The work has been carried out in the Physiological Laboratory 
of the University of London. — 


Chloroform Apnea, By B. J. Contunawoop and H. L. F. 
BUSsWELL. 


(Preliminary communication.) 


A low percentage of chloroform, which can be inhaled for a long 
period without producing apnoea, very quickly causes a cessation of 
breathing if it be administered by rapid artificial respiration. The 


_ apnoea is very pronounced and may continue for two minutes after the 


cessation of the artificial respiration, 

This apnoea is not due to a diminution of aia dioxide in the 
blood, for it can be produced by chloroform mixed with expired air: 
whereas artificial respiration with expired air free from - chloroform 
will not bring about apnea. This result is entirely in keeping with 
the conclusions at which Haldane and Priestley arrived’. 

Again, this apncea is not due to afferent impulses in the pulmonic 
fibres of the vagus nerve, for it is produced after section of both vagi — 
as easily as when the vagi are intact. 

The apnea produced is a true chloroform apnoea, and is apparently 
caused by the increased absorption of chloroform following the rapid 
ventilation of the lungs. 

The rate and depth of respirations are thus important factors which 
must be considered in a determination of the concentration of chloro- 
form which should be administered in any individual case. 

There are several indieations that chloroform diminishes the ex- 
citability of the respiratory centre to the carbon dioxide stimulus. 
Such a diminution of excitability would afford an explanation of 
chloroform apnea. On this point further investigations are in progress. 

In the above experiments cats were used. 


+ This Journal, xxx. pp. 225 et seq. 
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The behaviour of blood and hematoporphyrin towards 
alcoholic solutions of guaiaconic acid and towards alcoholic 


solutions of aloin. By Grorcre A. BuckMasTER. 


In a recent paper Carlson’ has attributed the production of 
guaiacum-blue which takes place when tincture of guaiacum, hydrogen 


- peroxide and blood are brought in contact with each other to the 


transfer of HO-groups to guaiacum by the mediation of some organic 
constituent of the blood. He has also shown that since neither old oil 
of turpentine, nor peroxide nor ozonic ether possesses any ozone at all, 
the statement met with in recent text-books, eg. Hammarsten’s 


Lehrbuch der physiol. Chemie, 1906, that some constituent of the blood | 


acts as a carrier of ozone, is highly improbable. Guaiacum resin or the 
guaiaconic acid supplied by Merck I have found is neither oxidised by 
the oxygen which is liberated at the anode when water is decomposed, 
nor is it turned to guaiacum-blue by molecular oxygen, no matter how 
this is liberated from peroxide, provided that the solution of guaiacum 
is completely cut off from a mixture of peroxide and blood, or peroxide 
and platinum-black, by a plaster disc through which the oxygen which 
is disengaged can penetrate. In experiments arranged in this manner 
the gas passes in minute bubbles through the solution of guaiacum, 


' which is not changed into guaiacum-blue, no matter how long the 
‘reaction is allowed to go on. 


In consequence of the number of ways in which guaiaconic acid can 
be either directly oxidised, as by pus, milk, potato, etc. (oxydase action), 
or indirectly, by catalases and catalytic agents in the presence of H,0,, 
the guaiacum test for blood is generally considered to possess a negative 
value. If for any suspected fluid no blue colour is obtained with 
guaiaconic acid and peroxide it may be inferred that blood is absent. 
Some observers, such as Ewald, advocate the guaiacum test in order 


to detect blood in the stomach-contents or feces, while Uhlenhuth _ 


employs this and the hemin test in order to see whether a suspected 
fluid is suitable for the further application of the precipitin test for 
blood. Properly carried out with boiled solutions and using Nessler 


glasses I find the guaiacum test a most delicate positive reaction for | 


blood. It is easy to show with well centrifugalised oxalated blood that 
the guaiacum reaction is not yielded by the plasma but by the corpuscles. 


1 Zeitschrift f. physiol. Chemie, Heft. 1. p. 69. 1906. 
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It is the hemoglobin and not the stroma which gives the test, as will 
be obvious from the following considerations. I-have found no protein 
body, nucleo-protein, or mixture of these bodies give the test, while 
traces of re-crystallised hemoglobin, weak hemoglobin solutions in any 
condition, such as CO-hsmoglobin, methemoglobin and pure hemin 
crystals either in solution or suspended in water are capable of giving 
the guaiacum test, Moreover an exceedingly weak suspension of 
human blood-corpuscles in ‘85 °/, NaCl can be made, so that 50 cc. of 
the solution will not yield the test until the hemoglobin has been 
liberated from the corpuscles by saponin. 3 

The reaction as far as blood is concerned therefore depends upon 
hemoglobin or its derivates and it is immaterial whether these are 
boiled or not. Neither the white corpuscles of the blood perfectly 
freed from red corpuscles nor pus-cells ever give the guaiacum test 
after boiling, but may or may not do so before boiling. 

I find that solutions of hematoidin or chlorophyll or bilirubin react 
negatively with guaiaconic acid and peroxide. Though formerly I 
believed that solutions of hematoporphyrin gave the guaiacum reaction, 
this I now recognise was due to impurity of hematin in the hema- 
toporphyrin which was employed. Dr Aders Plimmer was kind 
enough to give me his help, and prepared perfectly pure hydrochlorate 
of hemotoporphyrin crystals from hemin by the method suggested by 
Nencki and Sieber. The specimen was absolutely iron-free. By no 
modification of the experiment, whether the solid crystals, the 
amorphous precipitate or solutions of the crystals were used, could 
guaiaconic acid be oxidised by hematoporphyrin to guaiacum-blue in 
presence of H,O,. However, under the microscope the crystals just like 
hemin, platinum-black or finely divided iron, or oxides of lead, iron or 
manganese were able to bring about a rapid decomposition of H,O,. 

Heematoporphyrin therefore like hematoidin and bilirubin is one 
of the derivatives of hemoglobin which contains no iron in its molecule 
and does not give the guaiacum test. 

Conversely, if, following Laidlaw’s! method, iron is built up again 
with two hematoporphyrin groups, weak solutions of the reconstituted 
body which contain no free iron gives a distinct blue, the reconstituted 
body gives a distinct blue with guaiaconic acid and H,0O,,. 

The gusiacum test therefore succeeds when iron is present as in 
hemoglobin ; fails when iron is removed. i 
Solutions of aloin (Merck’s material prepared from Curacoa aloes) 

1 This Journal, xxxt. p. 464. 1904. 
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react exactly like solutions of guaiaconic acid to hemoglobin, its 
derivates and hematoporphyrin. The oxidation product is .aloin-red, 
« mixture-of acids, chiefly aloetinic acid. Aloin is a less sensitive 
reagent than guaiaconic acid but the resulting oxidation product is far 
more stable and therefore persists for 24 hours or longer while guaiacum- 
blue steadily fades to a clear solution, a change which may occur in a 
few minutes. On heating guaiacum-blue the colour rapidly disappears. 

In carrying out the test it was found that if blood solutions or any 


of the solutions of hemoglobin, hematin or hemin were left in contact 


with peroxide! for some time (5 minutes is sufficient with weak solutions), 
on the subsequent addition of guaiaconic acid or aloin, no blue or red 
colour can be obtained. Since the test was found to be hindered or 
impossible in alkaline solutions it may be mentioned that mixtures of 


blood and peroxide are never alkaline, but may become slightly acid. — 


This amount of acidity in no way interferes with the test. 
Since ferric but not ferrous salts as is well known even in very 


weak solution directly convert guaiaconic acid to guaiacum-blue or 


aloin to aloin-red, and since ferric iron is the form in which the iron is 
found when hemin, as J. A. Gardner and myself have shown, is 
oxidised by pure H,O,, it would appear that the guaiacum test or aloin 
test for blood depends upon some part which is played by the iron in 
hemoglobin. The explanation of how the iron plays its part in the 
reaction is obscure. It cannot be simply a ferric salt for, as already 
stated, with weak hemoglobin solutions and peroxide the products of 
the chemical change when this is over do not turn guaiaconic acid blue. 
The iron must therefore act while the change is taking place. As 
a possible view I would suggest that the iron at the moment it is split 
off from hemoglobin acts not as a carrier of oxygen to guaiaconic acid 
but as a direct oxidising agent, causing an oxidation to guaiacum-blue. 
The behaviour of the iron in the reaction is possibly similar to the 
behaviour of iodine, which directly oxidises guaiaconic acid or aloin. 

Contrary to other observations which are quoted I find that several 
c.c, of 2°/, hydrocyanic acid in no way interferes with the reaction 
which takes place between guaiaconic acid, peroxide and blood, or that 
which occurs between colloidal platinum, peroxide and guaiaconic acid. 
3 The work has been carried out in the Physiological Laboratory 

of University College. 
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Potassium salts in nerve-fibres. By J. S. MacDonaLp and 
F. F. Finca. 


The authors have continued a study of the distribution of the 
precipitate in frogs’ nerve-fibres produced by immersion in sodium 
cobalt nitrite and subsequent treatment with ammonium sulphide 
(Macallum’s reagent). 

In nerve-fibres placed at once in this reagent after removal from the 
frog the precipitate is definitely localised to the cut ends and to nodes 
of Ranvier. This distribution is unaltered by modification of the 
time of immersion in the reagent. A previous immersion in saline 
solutions on the contrary produces marked alterations. Left in 0°6 °, 
NaCl for an hour before treatment the fibres show a much greater 
quantity of precipitate extended over greater distances, The extension 
is most marked in the vicinity of the cut ends of the fibres where also 
another new appearance is observable. This portion of the fibres is 
now distended as by a greatly increased internal pressure. 

The addition of chloroform to the saline solution limits this extension 
and tends to maintain a localisation of the precipitate. 

The addition of ammonia in minute quantity, 0:03°/,, leads to a 
complete disappearance of every trace of precipitate. 

Modifications of the strength of the saline solution produce changes 
corresponding with the influence of these modifications on the injury 
current, ~ 
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In strong solutions of NaCl, eg. 11°7 °/,, a very heavy precipitate 
is found in the vicinity of the cut ends corresponding probably with an 
increase in the extent of the injured portion of the nerve (excitation); 
corresponding with the absence or reversal of: the injury current the 
nodes of Ranvier (kathodes) in intermediate portions of the fibre are 
now no longer sites of precipitation. 

Previous immersion in solutions of potassium chloride sinha 
changes which, within certain limits of concentration not far removed 
from that of “normal saline,” correspond with those found in 
solutions of sodium chloride, as also in calcium chloride. In dealing 
with solutions of potassium it is of course necessary to wash the nerve- 
fibres before treatment with the potassium precipitating reagent. This. 


, Washing has been accomplished by immersion in a large bulk (200 c.c.) 


of an equivalent solution of sodium chloride. Under these circumstances | 
it has been found that potassium chloride solutions do not increase, 
but rather diminish the amount of potassium afterwards discoverable 
in the nerve-fibres. In strong solutions this is very markedly true. 
Whereas a large amount of precipitate is found after one hour's 
immersion in 5°85 °/, NaCl, scarcely any is observed in the interior of 
the nerve-fibre after a similar immersion in 7°45 °/, potassium chloride. 


‘ In the latter case a new precipitation is observed at each node of 


Ranvier upon the external surface of the fibre. Here with a reversal 
of the injury current these nodes are anodal points at which, with 
a potassium salt in the external solution, such accumulations are to be 
anticipated. 

The precipitate which is so marked a characteristic of nerve-fibres 


- left for one hour in normal saline or in calcium chloride of approximately 


isotonic strength is absent from fibres which have been left for twenty- 
four hours in a solution of NaCl 0°6°/, containing CaCl, 0°05 °/,. 
Renewed injury, as from teasing, or compression, or cutting of these 


. nerve-fibres may now, however, renew the Padberg characteristic of 


injury. 

The passage of an electrical current (o~ ampére) through a sciatic 
nerve leads to a heavy precipitation in the nodes of Ranvier in the 
kathodal region and to an absence of precipitate in, or to the presence 
of an external precipitate upon, the nodes in the anodal region. 


~ 
My 
SAY 
a 
‘3 
“4 
= 
4 
‘ 


PROCEEDINGS OF THE PHYSIOLOGICAL 


Experiments on Prolonged Protein Feeding. ae eee 
ForsyTH. 


In a paper “On the effects of a Proteid Dietary?” ” Chalmers 
Watson stated that after keeping domestic fowls on a protein diet for 
some months there had resulted changes in the long bones and hyper- 
trophy of the thyroid glands. These results were so remarkable that it 
was decided to repeat the experiments. 7 

Four fowls were maintained on an exclusively meat diet for periods 
varying from eleven months to two years. Every precaution was taken 
to keep them in good health and an ample supply of,lime was provided. 
Except for a severe attack of diarrhoea and the usual malaise associated 
with moulting the birds remained in excellent condition up to the time 
they were killed, and their weights increased considerably. Post-mortem 
no gross lesion was present in any of the fowls—the thyroids were not 
enlarged, the long bones were healthy and there was no sign of gout in 
the joints. Microscopic examinations were made of the thyroid, para- 
thyroid, suprarenal, pituitary, spleen, liver, small intestine, kidney, 
pancreas, bone-marrow, lymphatic gland and testis or ovary in each case 
and all these viscera were found healthy. In the pituitary of each bird; 
however, there was an exceptionally large amount of colloid material. 

The changes in the long bones and in the thyroid described by 
Watson require consideration. 

(1) Changes in the long bones. There is ground for concluding that 
Chalmers Watson erroneously ascribed these changes to excessive 
meat-feeding and that they were really due to an inadequate supply of 
lime and other bases. A deficiency of this material produces the condition 
known to poultry-keepers as “leg-weakness,” the chief symptom of which 
is a more or less constant squatting on the ground’, Chalmers Watson 
incidentally states that his fowls “showed a great tendency to sit and 
would rest on the ground fog much longer perio¢ésthan was natural.” 
Further, they “showed a marked tendency to pick the lime off the walls.” 
Analysis of their bones disclosed “a _o_ increase in the proportion of — 
organic matter.” 

(2) The evidence that the excessive protein-feeding leads to hyper- 
trophy of the thyroid is inconclusive. Of Chalmers Watson’s six 
birds the thyroids of three were not weighed, of two one lobe only was 


? Chalmers Watson, Trans. Roy. Med, Chir. Soc. vol. yxxxvi11. 1904. 
2 Wright, Book of Poultry, Cassell and Co. 
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weighed and of one only (Cock 5) was the whole gland weighed. (a) A 


'- eonclusion based on the weight. of one lobe only is unsatisfactory since 


the two lobes are often of unequal size. In the above-mentioned cock, 
one lobe was more than three times the weight of the other. (6) The 
absolute weight of the thyroid is no exact test of the presence or degree 
of hypertrophy since fowls vary widely in size and an amount of gland — 
normal to one might represent hypertrophy in another: The criterion - 
should be the amount of thyroid gland per ‘kilogram body-weight | but 
this figure can be ascertained in only one of the six birds. (c) In one 
specimen (Cock 5) there was undoubted hypertrophy of the thyroid. 
Birds, including domestic fowls, are known to suffer from this condition | 
quite apart from any question of protein’ dietary’, but the possibility 
that Cock 5 was the subject of sporadic goitre was.not considered. ~ 
The present investigation was concluded by # study of the compara- 
tive histology of the thyroid in over thirty different species of birds 
including representative types of the eagles, vultures, owls, falcons and 
kites—all carnivorous birds—as well as of many fish-eating and grami- 
nivorous birds. The thyroids of the Raptores or birds of prey were 
found to be not obviously larger than those of birds subsisting on 
vegetable food and they did not present to any special degree the histo- 
logical ‘characters ascribed by Chalmers Watson to protein-feeding. 
On the contrary certain graminivorous birds, ¢.g. the ostrich (Struthio 
camelus) and the crowned crane (Balearica pavonina), showed larger 
thyroid vesicles, more colloid and less intervesicular glandular tissue than — 
were present in e.g. an elenora falcon (Falco elenors) and” barn owl. 


_ Histology of the nucleus trapezoides. By Avex HILL. 


Sections through the nucleus trapezoides stained with saturated acid 
fuchsin, washed with picric acid, and counterstained with methyl (China) 
blue show the cells of the nucleus and their axons blue, the pericellular 
“baskets” intensely red.: If branches from the baskets enter the 
substance of the cells which they invest (as described by Held) it is 
probable that their red colour would make them conspicuous; but such 
intracellular twigs are not to be seen. 


1 Sloan, Lancet, 1887, vol. 1. p. 1082. | 
2 Fischer, Vienna Med. Club (Lancet, 1896, vol. 1. p. 75). 
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Nerves of the lung stained by the methylene bine method. 
By ALex Hixt. 


As recently described by Tischutkin and Ponzio the lungs are 
richly supplied with nerves which enter them with the bronchi and with 
the blood vessels. They form plexuses in the outer coats of both 
pulmonary arteries and pulmonary veins. In the bronchi they form 
plexuses in the outer coats, within the cartilages (especially-about the 
bronchial glands) and ‘in the subepithelial tissue. Isolated nerves run 
for great distances through the parenchyma of the lung, giving off 
_ branches which arborize in the interalveolar tissue. In some cases they 


appear to end freely between the epithelial cells. In other cases the — 


finest twigs reunite, forming a meshwork within which the epithe'ial cells 
_. jining the alveoli are enclosed. From the subepithelial plexus of the 

_ bronchus twigs enter the columnar epithelial cells. Within the cell the 
: twig appears to form a tis of sling enclosing the nucleus. 


“Sensory nerves of the urethra. By ALex Hu. 


_ The sensory nerve endings in the urethra closely resemble those of 


the anterior epithelium of the cornea. Twigs which pass between the 
_ cells of the deeper layers enter the flattened superficial cells, 


The Electrical Variation accompanying Reflex Inhibition 
in Skeletal Muscle. By F. BucHANan. 


(Preliminary communication.) 
In a decerebrate frog (R. temporaria), the legs of which had just 


lost the rigidity induced in them, some 15 hours, before by the injection - 


of a minute dose (0°02 mgr.) of liquor strychnia, the resting tonus of 
_ one gastrocnemius was such that the muscle relaxed instead of con- 
tracting each time it was excited reflexly. Records were taken of the 


mechanical response of the whole muscle, and of the electrical response 


of a particular spot on its dorsal surface which was connected with the 
acid- terminal of a capillary electrometer, the mercury in the capillary 
being connected with a spot at the tendon end of the muscle which 
had been so treated that it was unable to respond either mechanically 
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or electrically. The difference of potential between the two contacts 
produced an abostial movement of the mercury indicating that the 
contact with the spot destined to record its electrical change was 
(galvanometrically) positive to the other contact and that the difference 
amounted to very nearly 0°02 volt. | 
The stimulus employed was a single break induction shock, applied 
(a) to the sciatic nerve of the opposite side, (b) to the sciatic nerve of 
the same side as the recording muscle, and (c) to the two sciatics 
simultaneously. The mechanical response was recorded once with each 


- of these methods of excitation, the electrical response was recorded 


photographically five times with each method. A comparison of the 
records shows that the contact with the recording spot became still 


-. more positive to that with the inactive spot when the muscle relaxed, 


and that it became so without first becoming negative when the muscle 
relaxed straightway (case a); that it became so after first’ becoming 
negative when the muscle contracted first before relaxing, as it did in the 
usual way in response to the direct excitation of the efferent fibres of the 
same side sciatic (cases b and c); and finally that, when positive as the 
result of a first reflex excitation, it became for the moment negative 
when a second impulse of central origin reached the muscle, as for 
instance when the two sciatics were excited simultaneously! (case c), to 
return almost immediately to being positive again, while in the same — 
case relaxation was interrupted without being permanently suspended, 
the muscle shortening to its resting length for the moment. 
The records also show that the maximum difference of potential 
when the variation was positive was greater (being about 0005 volt) 


- when the same side sciatic was excited than it was when the opposite 


sciatic was excited (0003 volt). With the relaxation, on the other 
hand, it was the excitation of the crossed sciatic which produced the 
greater effect. 

The photographs of the electrical response show further that the 
positive change differs from the more familiar negative change in that 
it develops very slowly to its maximum? (taking 0°02—0°03 sec. to attain 


1 IT have shown in a paper presented in March to the Royal Society for publication in 
the Proceedings, that an impulse evoked by the excitation of the afferent fibres of one 
sciatic takes about twice as long to traverse the cord and affect the efferent fibres of the 
opposite sciatic, as it takes to traverse part of the cord and affect ite own efferent fibres. 
The impulse evoked reflexly by the crossed sciatic is therefore bound to reach the muscle 
later than that evoked reflexly by excitation of the same side sciatic. 

2 It will be remembered that there is the same sort of difference in the rate of develop- 
ment of the two changes in the auricle of the tortoise as shown by Gaskell. ; 
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it instead of about 0°002 sec.), and that it persists at this maximum, 
unless interrupted by other central stimulus, for several hundredths of 
a second (8—11 in the preparation here referred to). The maximum 
difference of potential produced in response to reflex excitation when 
the change is positive is also considerably lower than that usually 
produced when the change is negative as it is when the muscle contracts 
to such excitation. Moreover while the negative electrical change 
-inyariably precedes the- corresponding mechanical one (contraction), 
the positive electrical change seems only then to precede the corre- 
sponding mechanical one (relaxation) when it itself has been preceded 
_ by a strong negative electrical change (cases b and c). It then precedes 
the relaxation by about the same length of time (0°02 sec.) as the 
negative change evoked by direct excitation of the efferent fibres 
precedes the contraction of the (whole) muscle. When however the 
first decided electrical change is one which makes the recording contact 
more positive, this event occurred, all the five times that I recorded it, 
distinctly later (0°01 to 0°02 sec. later) than the beginning of the 
relaxation of the whole muscle the one time it was recorded with the 
stimulus applied to the crossed sciatic (case a). One of the five 
records of the electrical response in this case, and one only, gave indica- 
tions of a conflict having occurred between the two electrical states, 
which began 0°034 sec. before the decided positive variation, and, 
presumably, about 0°014 sec. before the relaxation began. There were 
similar indications of a conflict having occurred before positivity became 
marked (and after the strong negative change was over) in some of the 
records obtained when the same-side sciatic was stimulated. : 

Whatever therefore may be true of the relation of the negative 
change to contraction, the facts do not warrant the assumption that the 
positivity may stand to relaxation in the relation of cause to effect, the 
two phenomena appear rather both to be effects of some common cause. 
This is in accordance with the observations of Fano on the positive 
variation accompanying inhibition (first described by Gaskell) in the 
auricle of the tortoise, and to some extent with those of Biedermann 
on the positive variation in crayfish claw muscle. 

This is not the first time that I have recorded a nositive variation 
in skeletal muscle reflexly excited ; in some preparations used in 1899 
when I was working at the electrical response in reflexes with Sir J. 
Burdon-Sanderson the change recorded was positive either at its 
first appearance or becoming so after a negative change of longer or 
shorter duration. Unfortunately no records were taken of the mechani- 
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is rendered more probable by the embryological work on mammals by 
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cal responses in these preparations, and although other observers, 
eg. Sherrington (in mammals) and (Pari in the frog) have recorded 
relaxation from the resting length in muscles so excited, I believe 
this to be the first time the two effects have been recorded in the 


same preparation. 
The work has been done with the aid of the Government Grant 


administered by the Royal Society. 


The Islets of Langerhans in the Elasmobranch Fishes. By 
Swa.e Vincent and Fiorence D. THOMPson. 
(Preliminary communication.) 
The islets of Langerhans in Elasmobranchs have been investigated 
by Diamare, Giannelli, Oppel, Laguesse, and Helly. These 


observers, while agreeing in the main among themselves as to the chief 


points in the structure of the elasmobranch pancreas, differ materially 
in their interpretation of the appearances and as to the general 
‘morphology of the islets. 
We have examined the following species : 
Scylliwm canicula, 


Raja circularis, 

We have been able to verify most of the observations of Diamare, 
Laguesse, and Helly, though, as will be seen, we differ materially 
from the first and last as to the interpretation to be put upon the 
appearances. The appearance of the light or clear areas in the pancreas 
of elasmobranchs is certainly at first sight very different from that of 
the islets of Langerhans in any other group of vertebrates, and it is not 
surprising that Diamare was at first unwilling to admit their homology 
with the mammalian islets. But from a study of Diamare’s own 
drawings and the observations of Laguesse and ourselves, it seems 
clear that the groups of lightly stained cells arranged here and there 
round the smaller ducts of the elasmobranch pancreas do, as a matter of 
fact, represent the primitive type of islet structure in vertebrates. This 
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Laguesse and Helly, though Helly, in our point of view, does not — 


appear to have seen the full significance of his own observations. 

The intimate relation between duct and secreting cavity is of such 
a nature that it is not always possible to draw any hard and fast line 
between the individual cells of the two structures. This has been 
pointed out by Laguesse in the case of the ophidians and the teleostean 
fishes. The developmental and structural relationship between 
_ ductules and “clear areas” or islets in elasmobranchs has been fully 
recognised by Diamare, Laguesse, Helly, and other observers. The 
work of Laguesse, Dale, and ourselves, upon the islets of various 


groups of vertebrates has shown a similar relationship between islets — 


and zymogenous tubules. In elasmobranchs and especially in Mustelus, 
we see exemplified in a very interesting manner a primitive state of 


affairs in which ductule, islet and zymogenous tubule reveal themselves — 


‘as portions, variably modified, of the same morphological entity. Thus, 
the connection between “clear areas” or islets, and ductules is obvious, 
or, at any rate, very readily perceived. The external layer of cells of 
the ductules can be seen to be gradually merged into the zymogenous 
tubules and occasionally typical zymogenous cells can be seen scattered 
among the cells of the ductules, Further, transitions are frequent here, 
as in the higher vertebrates, between the clear islets and the zymo- 
genous cells. These transitions occur naturally in the region where 
ductule with its masses of islet cells is becoming continuous with, or 
merged into, the zymogenous tubule. 

The islets in Rhina squatina more strongly resemble the islets of 
higher vertebrates than do those in any other kind of cartilaginous fish 
we have examined. They have diverged further from the primitive 


We have published two previous communications upon the islets of 
Langerhans’, 

We hope to publish before long a fuller account of the — of 
the present communication. 


1 This Journal, xxxtv, (Proc. Physiol. Soc.) June 2, 1906. Internat. Monatsschr. 
f. Anat. u. Physiol. vol. xxrv. (in the press). “4 
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Note on Melanins. By Fiorence M. Durnam. 
(From the Balfour Laboratory, Cambridge.) 


The investigations were undertaken in connexion with experiments 
in breeding mice for the study of inheritance in coat colour. There are 
three distinct colours or pigments present in the hairs of these animals, 
yellow, black and chocolate. Since all three pigments may be present in 


_ the same hair in varying quantities, it is necessary to have some chemical 
test by means of which they can be identified. For in some cases the 


pigment. is present in very small amount and observation of them by 
means of the microscope is not sufficient for the purpose of distinguish- 
ing between them. 

In order to find a suitable chemical test, it is necessary to obtain 
the pigment in quantity and therefore free from the hair. 

Two methods were employed to get rid of keratin. The first 
method is to treat the hairs with strong sulphuric acid; the keratin is 
dissolved and the pigment can be filtered off over asbestos wool. It is 
then suspended again in strong sulphuric acid to wash it, and finally 
suspended in water, filtered off and washed with tap-water and after- 


wards with distilled water until acid free. It can then be dried and kept. 


By this means material was obtained from yellow, black, chocolate 
and albino mice. The substances obtained from the yellow and the 
albino mice differed from the others in being readily melted when 
warmed and when dry they are of a sticky nature ; the substances from 


black and chocolate mice do not melt on heating and are not sticky 


when dry. : 

The appearance of the substance obtained from the albino mice 
suggested the presence of some fatty material; and was accordingly 
subjected to the tests for neutral fat and fat acid. It was heated in a 
solution of sodium carbonate and then extracted with ether. On 
evaporation the ether yielded a fat-like substance. The sodium 
carbonate solution was then decomposed with sulphuric acid and again 
extracted with ether. Again a fat-like substance was obtained when 
the ether was evaporated off and in larger quantity than was the case 
of the neutral body. : 

The other pigments were then tested in the same way and 
yielded similar results; in each case a neutral body and an acid body 
were obtained. 
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The substance obtained from yellow mice differs from that obtained 
from black or chocolate mice. It dissolves completely in sodium 
carbonate and other alkalies, whereas the pigments from black and 
chocolate mice are only partially dissolved. The residues left in the 
cases of black and chocolate pigments seem to be very insoluble. 
I have not yet found any reagent which will dissolve them completely. 

The second method is to dissolve the keratin by means of stannous 
chloride. In searching for a reagent, which could be used when the 
hairs were being examined under the microscope, I found that stannous 
chloride acts upon keratin, dissolving it and letting the pigment free. 
In the cases of both black and chocolate mice, the pigment granules seem 
to be set free unaltered, but in the case of the yellow mice the yellow 
pigment dissolves as well as the keratin. Hairs from both black and 
chocolate mice were treated with a solution (1 in 5) of hot stannous 
chloride. The pigment was then in each case filtered off and washed 
with dilute hydrochloric acid and then with distilled water, The 
_ pigment was then in each case tested for the fat-like substances, and in 

each case yielded the ether soluble substances. 

In a communication to the Royal Society’ in 1904 I described the 
results of experiments made with extracts of skins in — to obtain a 
tyrosinase. 

The skins were taken from very young or foetal animals when pigmen- 
tation was just commencing, ground up with distilled water and the juice 
then squeezed from them. This juice was saturated with ammonium 
sulphate and the precipitate obtained after purification by reprecipita- 
tion was dialysed free from the salt. The resulting fluid was incubated 
_ with tyrosin and a trace of ferrous sulphate. In this way I obtained 
coloured pigment-like substances. I have tested some of the material 
so obtained for ether soluble substances as above, Both the sodium 
carbonate solution and the neutralized solution have sate’ ether 
soluble bodies. 

The nature of these fat-like substances has still to be examined. _ 

I wish to take this opportunity to express my grateful thanks to 
Dr Hopkins for his kindness and help in this research. } 


Proc, Roy. Soe. vol. uxxiv. 
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‘The cerebellar tracts of the spinal cord By E. A, ScHAFER 


and A. MIRIAM BRUCE. 


If the anterior (ventral) part of the lateral column is eee in the 
monkey in the thoracic region there is produced, as is well known, 


‘degeneration (above the section) of the fibres of Gowers’ bundle, the 


degeneration of the fibres of the ventral cerebellar tract being traceable, 


as was first shown by Léwenthal, through the medulla oblongata, and 


pons varolii and by way of the superior cerebellar peduncle to the vermis. 
We have found (three experiments) that very many of the severed 


and degenerated fibres—which in the segments immediately above the 


lesion are confined to the situation of Gowers’ bundle—gradually tend 
dorsalwards and are soon seen in considerable numbers in Flechsig’s 
bundle. This transference of fibres from Gowers’ bundle to Flechsig’s 
bundle goes on throughout the upper part of the cord and the medulla 
oblongata so that when the spino-cerebellar tracts separate from one 
another in the upper part of the bulb a large number of fibres which 
originally belonged to Gowers’ bundle are seen passing into the resti- 
form body; from which they are distributed, with the remainder of 
Flechsig’s bundle, to the vermis. This observation renders it probable 
that both dorsal and ventral spino-cerebellar tracts really belong to the 
same system since they have a more or less common course and destina- 
tion, As to their origin and relative times of myelination nothing 
certain can at present be affirmed. 


The Effects of Captivity on the Adrenal Glands in wild rats. 


By CHALMERS WATSON. 


In a paper published in the Journal of Physiology (vol. xxxv. 
p. 230) the author pointed out that the percentage weight of the adrenal 
glands in wild rats was considerably higher than in tame rats of equal 
weight. This suggested the advisability of ascertaining the effects of 
captivity on the size of the adrenal glands: Accordingly a series of 25 
wild rats—9 young and 16 fully grown—which were obtained at the same 
time and from the same source as those referred to in the original paper, 
were kept in confinement for 10 weeks, and were fed on a diet of bread 
soaked in skim milk. The animals seemed to thrive well under this 
régime but it was observed that for a time the rate of growth of the 
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young rats was retarded. The adrenal glands were, as formerly, weighed 

out of a 5°/, formalin solution. The percentage weight of the wild rats 

kept in captivity was considerably less than that of the glands of the 

wild rats which were killed on receipt. The. figures are given in the 
following tables. 

No. Weight 

Adults. A. Original series (killed on receipt) 16 

B. After 10 weeks’ captivity 16 


Av. wt, 
190—370 - ‘052 grms. 
165—320 +038 ,, 

3 No. Weight Av. wt. % Adrenal 
C. Original series (killed on receipt) &  100—150 -076 grms. 
D. After 10 weeks’ captivity 9 110—150 §8-054 ,, 


This reduction in weight of the adrenal glands in wild rats in 
captivity, must, it appears to me, be due to one or other of the following 
causes, either (a) the diminished muscular activity, or (b) the changed 


Young. 


_ diet of the animals, A further investigation is in progress to determine _ 


which of these factors has led to the reduction in the aniount of adrenal 
pave observed, 


Note on a reflex in the dog. By J. N. LANaLey. 


In the course of some experiments on dogs in which the cerebral 
hemispheres had been destroyed and the tectal region of the brain 
stem cut through when the animals were under the influence of morphia 
and chloroform, a reflex, not I think hitherto described, was incidentally 
noticed in two cases. After the brain had been destroyed, artificial 
respiration was maintained, and morphia injected intravenously up to 
300—500 mgms. Light touch inside the ear, or lightly blowing air 


into it caused extension forward of the opposite fore-leg and no other 


movement; stronger stimuli of the same kind caused in addition 
extension of the fore-leg of the same side, though less, and bending of 


‘the neck. The reflex was not obtained from any other region. There 


were also, as was to be expected, increased spinal reflexes to light touch 
and to ee) and increase of the anal and penile (striated muscle) 
reflexes. 
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